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PREFACE 


The object of the first part of this hook, which include information about maps 
past and present* lurid and air-photo survey, and map projection* is to con- 
tribute to an understanding of topographical maps, map-reading, turd Ike 
interpretation of landscape as recorded on maps. The second part of the book 
deals with statistical maps and diagrams* and parlicularly with the problems 
involved in their preparation. 

The writer freely acknowledges his indebtedness to the authors whose works 
are mentioned at the end of the book, and to the various authors, publishing 
houses, and instrument-makers who have permitted the reproduction of photo¬ 
graphs and figures listed on pp, xi-viv. 

Particular mention should bo made of the Controller of H.ML Stationery Office 
and the Director'General of the Ordnance Survey for permission for the 
reproduction of various maps and figures, which are acknowledged in detail 
elsewhere, 

A deep debt of gratitude is owed to runny friends who Lave put their specialist 
knowledge freely at the writer'a disposal, The first part of the hook would have 
been less brood in scope and lem accurate in detail without the technical 
criticism and valuable help of Colonel Collins, C.B. E., HAL, and much casentiaJ 
information could not have l)een gleaned without Lho kindly reception a Horded 
by the Director-General of the Ordnance Survey, the Deputy Director-ficneml 
anti Staff, who have met every inquiry with remarkable patience and courtesy. 
Finally, my special thanks are duo to Mr, Bickmore of the Clarendon Press for 
expert advice and abounding enthusiasm, 

T* W> B. 

FOLflESTONEj 
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PART I 

TOPOGRAPHICAL MAPS 


chapter one 

LOOKING BACK 

Maps ’which aro described in this boot fall into ‘wo broad group* which may be 
called respectively topographical and statistical. Topographical maps are opn- 
oerad mainly with the surface of the earth, man's physical environment. By 
contrast, statistical maps depict to a great extent man "a social *knd economic 
environment. 

It is appropriate that topographical maps should he described first, because 
they preceded atatktical maps by many centuries; and that a little time should 
be spent looking back over the history of mapping before proceeding to examine 
modem maps and methods of map making. 

The record of the post b fragmentary, and such maps and plans as have 
survived are not necessarily the bast, nor is there any guarantee that they are 
even typical of their lime- It is known that the early Egyptians made maps 
and plans, and some of their work has been discovered on papyrus rolls, though 
the material was ill suited to stand the test of time. The Babylonians had plaits 
made on tablets of day, winch wens baked, and fragment a have survived for 
2,004 to 3,000 years. Such plans won? probably made by direct moosuremant 
on the ground, and a scene preserved on the walls of a tomb at Thebe* gives 
dues on which surmise* can be based. 

Greek cartography was aided by astronomical observations, an assumption 
by no means universal that the earth was spherical* and a readjiie^» to take 
advantage' of the extension of geographical knowledge through travels on land 
anti sea. In the third century b.cl Eratosthenes estimated the irf^e of the eank 
with an accuracy which if known to Christopher Columbus might have dis¬ 
couraged him in planning his memorable voyage. 

Special mention must be made of Ptolemy, a Greek bom in Egypt, who lived 
in the second century A. n. He became famous as an astronomer sod geographer, 
and left detail* for the construction of twenty-six maps and a general world map, 
though it is uncertain whether be himself ever drew any of them. He accepted 
ihe erroneous earth measurements of Posidonius in place of the earlier ones i>F 
Eratosthenes* Errors in Mediterranean maps resulted which were repeated 
[ato ea .vn. 17iiU, for his work, mbficuvoretl in the fifteenth century* long after 
remained a standard work of referent us it bad been for Columbus. Tile world 
according to Eratoithen&i and Ptolemy is seen m Figs, 1 and 2* 
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Xo Roman map has survived, though it is assumed that the Romans made 
nmps aa an integral part of their planning. Some of their map-making instru¬ 
ments have survived f and also a copy of une of their maps, This copy was drawn 


Fid. 2. Outline of Ptolemy a WdrttL 


in twelve aheets about a_d. 1230* and won discovered about throe centuries 
later. It b referred to as the PcuLinger Table, the Roman name for a map being 
Mudo, and show* in diagrammatic form tlm main routes from south-east 
Britain in the west to the Ganges in the east, Plate I gives fin idea of the atyle. 


Fia» J* The World according to EmtosfcheiiM* 
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World maps of tJio early centuries of tin? Christian ora, such as the Hereford 
Map of about aj>, 12SD, a miniature sketch of which is seen in Fig. 3* reveal a 
*-*>d deal about the development of geographical thought mid ideas. but odd 
little to knowledge of cartographical method, i Hiring this same period Anglo- 
Saxons ami others were no doubt milking plans of thdr settlements and holdings 
in north-west- Europe, but unfortunately iu> trace of those re malum 


FlG. 3. Sketch of tho HiMLifurJ Map of tins World* about A.m 1230, 

The fir&t. notable ninp of England, apart from that based on Ptolemy, was 
produced by Matthew Paris c. AJ>- 1250. Contrary to custom then prevailing* 
he orientated his map with north at the top. The Church bad favoured putting 
on -t at the top, and the Arabs and Romans south. Paris's information probably 
come from other manuscript maps, manuscript accounts, and information 
gleaned from travellers. Directions are inaccurate to the point of suggesting 
that the primary purpose of the map was to show travellers the route to Dover 
rather than to delineate Britain* 

An extremely interesting map of Britain known as the Gough Map comes 
down from about a_d, 133s. Its authorship is niiknowiL East is at the top, 
roods are drown diagrams atieally as a principal feature, and the distance* then 
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Kig. 4. Port of Gough Map. uhcnit a-ip + 1333+ whh Ewnra trsn:Kribr , i;J, 
It nil! ha E-cmjJQ that llin mflp is marl with Iuil-:!.- lit Lhir top. 
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shown were quoted for two and a half centuries. Hiv era and sea are coloured 
green, and roofs are red. Uncobured reproductions with names added in modem 
auript can be bought very cheaply from the Ordnance Survey, and Fig, 4 ie 
derived from this source, The most casual observer ia struck by Lite accuracy 
of configurai iou ? indicating that moat of England and Wales had been surveyed, 
though nothing is known of the methods employed. 

An important eerie* of charts made ehieily by Italian and Catalan or ftut 
Spam seamen, and later by Portuguese, calls for special mention. In point of 
time they spread over about three centuries, from a.d. 1200 onwards, though 
the earliest known example represents quite an advanced stage in do vd opuient* 
They were prepared especially for the use of sailors, and depict the coastlines 
chiefly of fhe Mediterranean and neighbouring seas, though some of the latest 
show the whole Atlantic coasts. These Fortran Charts resulted from the piecing 
together of numerous local surveys. Such practice contravenes a basic principle 
of modem survey, namely, to proceed from the whole to the part. But they 
were a great ad van la on all previous work, were quite unlike the fanciful cloister 
maps of the Middle Ages, and left their mark upon the shape of future world 
maps, lliey also replaced the ancient Greek wofd-deacrq>tiona of coast* and 
ports for mariners* called peripli, and the similar descriptions of Italian origin 
called portolani. 

Mure than o^J of these manuscript charts are known to exist. Moat are drawn 
in bright colours on parchment, that is. prepared skill of sheep, gouts, or calves. 
Occasionally they were bound together in atlases. The size and natural shape 
of the skin often appears to determine the scale of the chart. 

Tfinra is no doubt that the mariner's compass became a principal survey 
instrument in making; local surveys, and it is significant that with rare excep¬ 
tions the portofan charts am drawn with north at the top. The astrolabe was 
ti^ed in determining latitude, Tins instrument eonsiMod of a heavy ring marked 
in degree*. with a sighted pointer pivoted at tic centre. It enabled the sun's 
altitude to be determined, and this in turn could be translated into latitude. 
The astrolabe had been improved by the Arabs, whom more people associate 
with carnets than with the wea or with scientific development. 

Degrees of latitude and longitude were seldom indicated on portolan charte 
prior to A*n. 1500, and no network of lines of latitude aud longitude was drawn 
in. lines radiating From various points, however, form a striking feature of 
these charts, os may be gathered from the sketch in Fig. 5. One set of 32 lines 
normally radiates over the whole chart from the centre, and H or 1G similar sets 
radiate from points on the circumference of an undrawn circle about the centra] 
point. Then- origin and purpose U not clear. Centre points me often elaborated 
into compasses or wind rosea, but those lines are no t true compass sailing direc¬ 
tions, since the charts ore not on a Mercator projection* nor, for that matter, on 
any other mathematical projection. The degree of accuracy between the line* 
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as drawn and tho true from pats bearings may have matched the accuracy with 
which the mariners could Bail their ships along a constant bearing. 

Two events occurred in the sixteenth century which are notable to carto¬ 
graphy, One was the birth of Mercator in I SI2, and the other was a revolution 
in the method of map reproduction. Mercator combined the idea of » latitude 
and longitude framework with the comparative accuracy of survey observable 
in pnrtal&n charts. The map projection which heart his name enabled compass 
direct ions to 1)0 drawn as straight [inns, and it is still in general use for navigation. 



Fio. 5, Juan do la Com Fortotati Chart. 1500. 


The second event, actually begun before the sixteenth century, was map 
engraving. From the time papyrus rolls were us»d for ancient Egyptian maps 
and plans almost to the Hoac of the period of portolan charts on parehmcuit, 
maps had been hand copied. Thus there sire in existence four copies of Paris's 
map of Britain, nil drawn in the monastery fl t St. Albans but all differing slightly 
from each other. It dries not need much tin agination to appreciate t hat omis- 
eitjns and introductions were likely to occur in the process, anrl am b led to 
wonder what the original Roman map way like from which the Peutingor Table 
wins drawn. Ki [graving therefore did more than increase the uuiulier of copies: 
]L ensured identical copies, increased the chance of survival, widened the 
distribution, built up tho publishing business, and produced wealth which went 
back at least in part into tho making and compilation of new majis for which 
the spirit of exploration colled. 

Both wood and copper engraving had been tried os a means of map reprodue- 
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tbu towards the end of the fifteenth century, It seems probable that the earliest 
woodcut was published in Germany, and the earliest copper engraving in 
Bologna, the subject appropriately enough being the map from Ptolemy. 
Topper was early recognized as the superior modi uni, and copper engraving held 
tlie field well into t.be modem period of map making, Tho first important 
engraved map of Great Britain, complete with ornamental panels or cartouches, 
stippled sea, ships, and monsters, but without roads, was published ut Rome in 
1540. By 1570, when OrteJiue published an historic atlas of tlie world, the I-’lem- 
iugs had become skilled in copper engraving and had supplanted the Italians, 

England came into the picture largely "through the industry of Yorkshim- 
bom Christopher Paxton, who was eommisidoried to make map* of all the 
English counties. Part of the map of Kent is reproduced in Kig. 6, though 
without tlio colour with which it was normally adorned. Within a few years 
Saxton covered all England and Wales, probably by cheeking and correcting 
such maps as existed. Some of the engraving ofhw maps on scales from about 
1J to 31 miles to the inch was done by Flemish refugees and some by English¬ 
men. The first national alias produced by any country wns that bv Saxton in 

1379 Norton, a contemporary, was the first cartographer to show roads on 
county maps. 

Otto feature common to maps whether hand drawn on pumiced 3 kina or 
printed on paja-r, was hand colouring. Matthew Paris's map, with green sea 
and blue rivets, had colours made up from red and white load, ochre, indigo 
verdigris, and vegetable juices. The first issues of Sax tens maps were a blaze 
of colour, and though artistic decoration remained a noticeable feature of maps 
mte the eighteenth century, the more objective scientific cartography abandoned 
decoration and retained colour only for technical purposes, or abandoned it 
altogether. The introduction of lithography in the middle of the nineteenth 
century- reinstated colour as an important feature of modern maps, though 
some hand colouring, for example of English official map*, continued till tf)02. 

The seventeenth century was notable for the work, of 1 hutch cartographers 
notably Homlius, Janssen, and Biaeu. The Dutch republic was drawing great 
wealth from her overseas empire and the Dutch supplied the world with fine 
atlases, maps, and charts. There whs opportunity for constant map revision. 
an shown in Blimi’t D148 map of Lhe world incorporating the resul ts of half a 
century of exploration, but there still had ta bo reference back to such auUiari- 
lit-* as Ptolemy for information about tho interiors of many countries. Janaaon's 
atlas m four volumes produced in the middle of the wniurv became famous 
and enlarged editions were published in Dutch. French. German, and Latin! 
riiere wo* no copyright, and tho maps of Saxton and others were u»ed by a 
succession of publishers, some times with date, cartouche, and other details 
tutored, or sometimes redrawn and engraved to look completely d HI 1= rent 
John Ogilby made a notable contribution to cartography by an original road 
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survey which resulted In the publication in 107 5 of ft toad atlas of England and 
Wales in 100 plates. Many copies have survived. The roads an? all drawn out¬ 
ward from London in strips cm a scale of 1 inch to the mile. Thereafter all maps 
of appropriate scab had roads shown and oven Saxton's atlas wins republished 
with roads added- bymm states that alter H57o the Metary of English carto¬ 
graphy becomes to a great extent t he history of publisher* and of the gradual 
meorporati™ into tbdr maps and chart* of advances in geography, geodesy, 
hydrography, surveying; engravings representative symbol, lettering, decora¬ 
tive art, ami colouring. 

The eighteenth century saw the foundation of modem map making and the 
entry of the State into competition with private map making and publishing. 
Several fbrcea combined to bring this about. Nationalism developed and found 
expression in demands for national surreys j scientific investigatbns T such as the 
measurements of area of meridians, though undertaken for purposes other 
than map making, lent iheir results to that end; there wm the growth of a 
esfentlfie spirit which discriminated between the known and the hypothetical, 
and revealed the need for accurate and detailed survey i and finally there was 
the expense and VMtnoas of such enterprises at what was a new level of accuracy. 

In 1747 Louis XV desired Cassini da Thury to corns tract a map or the w hole 
of France on a scale sufficiently largo to show topographical detail. The maps 
were produced on a scale of about J inch to ttic mile, actually 1 : 80,400. Points 
already fixed by Cassini in some iri angulation in conjunction with astro¬ 
nomical observations formed the beginning of a framework on which to h* ^g 
detail. Relief was shown by bn church It took ten years to produce two eheete, 
but Cassini continued till 17^3, wfontlie Revolutionary Govcimnouttook charge 
and finished the job. This map, the first general map of a whole country baaed 
upon extended triangulation and topographical surveys, was nut folly replaced 
till !W4. 

About the time of this request to Cassini, William Roy was making a letter 
map of Scot land than any then inexistence, though using little more than a com - 
pass* or* in his own words, 'instruments of the common or even inferior kind'. 
The scale was about 1 inch to LOGO yards. Use map wm never printed* but the 
original sheets are preserved in the British Museum, and a jsortion is reproduced 
in Plate I, facing p, 0. 

Towardfl the end of Ids life Comm suggested that the abaexvatarie® of 
Greenwich and Pari* should l>c connected by tri angulation. Roy adzed the 
opportunity to initiate the first accurate triangulatkm in Britain, using what wil> 
tium probably the finest theodolite in the wnrld ? specially made for the job and 
paid for by the King- The do*inox km with France was carried through under 
the auspices of the Royal Society, but a vent a alter BoyV death led to the adop¬ 
tion of the survey by the Master General and Honourable Board of Ordnance, 
which in turn, though not teimediately, gave rise to the name Ordnance Survey* 



10 LOOKING BACK 

The first detailed official survey in Britain with a view to map production on 
the Much scale was over the ground of the first accurate trianguktion. The 
first, l’iiicii map, copper engraved, without colour, and covering Kent and 
adjoining areas in four sheets, was published on i January 1801. iVtrt of tins 
is seen in lig. 0. Roy had laid the foundation; the first Director of the Survey, 
fij the opinion of a colleague, had played his part by taking his departure to the 
next world ; and the second Director. Colonel Mudge, had launched the first of 
a series of may* which have remained unsurpassed in accuracy and unrivalled 
in eoiupletancji# by those of any other national survey. 
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CHAPTER TWO 

MODERN MAPS 

Hoe-ilil\‘ maps are often described as either atlas maps, topographical ninps, 
or plans. differentiation being based Op scab. Atlas maps are generally on 
m-abs less than (\i inch to 1 mile, plans on scales substantially exceeding I inch 
to l mile, while topographical maps are those on intermediate scales. 

The chief concern of the present chapter is modem topographical maps. Tlieir 
production has been a most important function of national surveys. Some idea 
of the extent of the earth’s surface already mapped topographically is seen in 
Fig. 7. while an idea of present-day style* is seen in Plates II and III. A word 
is added about atlas majis, but plans are considered in u separate chapter. 

The aim of the Ordnance Survey was at first Hie production of a 1-inch map 
of Britain. As a representative fraction this scab is written 1; 63,360, which is 
another way of saying that I inch on the map shows 63,360 inches on the ground. 
Some countries use a scab of 1 : 50,000, ancl in the United States 1 : 62,500 is a 
standard scale. Both larger and smaller scales are. of course, standard in many 
countries, as may be seen from the table opposite Fig. 7, but scales in the region 
of J inch to the mile enable footpaths, towns, villages, railways and stations, 
contours, rivers, fords, streams, woods, parka, orchards, vineyards, administra¬ 
tive boundaries, high- and low-water marks, all to be accurately delineated. 
'Hie development of colour printing has been a major factor in facilitating the 
representation of detail without confusion, and also the production of maps on 
the same scab differing widely in stylo. Topographical maps on amallcr scales 
show an equivalent loss of detail, and material for these maps has to be selected 
with the speriol purpose of each in view. 

Some imjHiftant features of topographical maps may be noted in connexion 
with characteristic examples, hut since there is such an army of scales, editions, 
and styles, only the more important maps will receive attention. Those of 
Britain arc worthy of special note owing to their completeness and variety. ’Die 
whole country le covered on each of t he scales enumerated below, and samples 
ol each in various styles are to he seen in the CVtfetfoffU* of Small-Scale Atapa 
published by Llu> Stationery Office, London. (See also Plate IV, facing p. 26.) 

1. Orucasce Survey Mars of BniTArr,- 
l-incA Mtiju. The development of modern cartography is summarized in 
Britain's Ordnance Survey maps on the scab of I inch to the mile. The field 
work as far north as a line from Hull to Preston probably never occupied mure 
then twenty-five BUircyora. For this southern portion work wag started on a 
scab of 2 inches to the mile, but tome arena were surveyed on a scale of 3 inches 
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14 MODERN MAf*$ 

And some on a scale of G inches to the mile. North of the Hull-rre&ton line 
a P*rial survey for the 1-ittbh was not dune, since north of that line first Uie 
G-inch then the 25-inch plans made oil survey on smaller scales unnecessary. 

The map has not only been reduced from various scales, hut it has been 
drawn upon various projections. Caeami’s was at first used for England, and 
some half-dozen different central meridians were employedj later reduced to 
one, Scotland and Ireland were drawn on Bonnet projection, although, of 
course, with different origins. After the first World Wax, Scotland wm redrawn 
on t assini s projection and mode to fit north of the England sheets, as part, of 
the Popular Edition. Now a El Britain [3 being published on the Transverse 
Mercator with a single central meridian. 

Altitudes above mean sea-level are shown along main roads and on summits 
ofhigb ground* Contours are usual at intervals of 50 feet, though this entails 
the use of interpolated contours which are not distinguished in any way from 
those mstrumentally surveyed. AJ1 roads are cluagjfied by distinctive colouring, 
according to the nature of the surfaces and suitability for traffic, except on 
the Engraval Outline Edition which k printed in black, by transferring from 
engraved copper to rinc plates. No Blight misfits of detail oeeiy as may be 
detected when colour features are overprinted from separate plates- Contours 
and parish boundaries are sometimes difficult to follow* Colour printing is not 
possible from consecutive copper plates because the necessary fit or register 
caniKit be obtained in a copper-plate press. But when lithography camo in. 
originally ill the form of printing from stone but later also from plates of zinc 
and ahiminium, the necessary fit could be obtained. Details were transferred 
from the copper plates to separate stones or slide plates, and printed in distinc¬ 
tive colours. Thus an alternative form of die I -inch map was produced, km m u 
aa the Fully Coloured Edition, with contours in red, hac-hures in faint brown, 
water in blue, woods in green, and roads in burnt sienna. 

In 191 £ publication of a Popular Edition^ more interesting in appearance, was 
begun. Haobures were omitted, but there was a more careful road classification, 
BtiU based on suitability for traffic. 

Publication of the Fifth Edition began in 1931. It embodied a change in the 
Jityle of writing, a change of projection, the restoration of parish boundaries, 
anil the Introduction of new symbols for such features as jjowtr cables and 
youth hostels. There was also a Fifth (Rdirf) Edition which covered part of 
Bouthem Englimd. Jt bad additional printings of haeimios, hill shading, anil 
faint Layer colouring. 

Publication of a Sixth or New Popular Edition has commenced. It m super- 
ceding the incomplete Fifth Edition from which it is largely derived. The style 
is almost identical. The National Grid* described in some detail in a later 
chapter, forms squares of 1 kilometre a aide. The size of the sheets has been 
standardized so that each covers 45 kilometres or grid squares from north to 
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modern maps 

25- an 1 40 **** ^own by contours in brown TrJ 

^^toT® ' J8l0nfl frora **» U3*M$ w ore being 

JLSt m "P f the «»** «f 1 w* to the mile which deserve, 

apceial mention is that produced and published by the Land UttthaUan. Surrnt 
bis-Indl Ordnance Survey maps were taken into the field, mainly under the 
direction of focal education authorities, and on them tho use of every pared 
offaid wu recorded under one of six headings: Forest and Woodland liable- 
Meadowland and Permanent Gross; Heath and Moorland; Garden# &c • or 
Und Agriculturally Unproductive. The scale of the work was reduced^ 

colour plates prepared to allow land utilization. Those were over minted 
tho Popular Edition of Lire 1-inch map. over-printed on 

Uaif-inch maps. Mnpa on the scale of Indf an inch to tile mile are of mw for 

S** motorin S > and }° admiuffltration. Various styles are published but the 
features shown are substantially the same as on tho 1-inch tunn* It »•<« 
ihm scftk, that layer colouring in Britain was first developed, lately hv Messrs 

S f T ° f ° rdiWnL ' e S “™ e *’ Wt-inT Lp is layer 

SrSLS? t 1 ™ 11 ?? fw hot colour is , 13C d for 

road deification and for water features. With reduction in scab tho contour 

"’ThTieTTriT “ a0r ” C smooth ^& of contour form. 

The aheete of Orkneys. Shetland* and Hebrides are not lover coloured but 

these provide beautiful examples of hill shading. Treatment of relief differs 

»6».n certain Krtrtet Staie, when, J£*. .nnnil 

hifi shading are used m combination. The Island of Skye sheet j n iven colour 

IhTSrifi,“ “T* But tUs apparomJ * v POfoot ComhinatioD of 

the scientific and pictorial representation of relief is lea, aunnmM on the 

25£** wl ™ rcU “ f is lo * er ami ,ho “““■ -niSrSS 1 

2Sf - T ! lC q ^ rtcr inch to th€ “*> n,fl P« resemble tlie half-inch 
■ A B<Jttlon - hut Sjieciftl prominence i* given to read classification 

bocansa tb«» maps are much used by motorists. Contour interval fe 200 feet 

in vii lfrS U Cream t0 bl ™™’ woodland* to he show,, 

n green. \dlagcs appear as small dusters of black dots along roads, while 
forger built-up ure 

Ve ^ JO ;r; he Ci9ii Air M °P 011 th0 quarter.inch scale. Befalls 
I ' ™ ble f™™ tl» air. such as water, railway, woods, and 

roacLn. are eolisp.cuousjy <lmiyn, while features of special interest to pilot. 

Landing-grounds, seaplane baS, and beacon*, as well 

relidnfl iT°f *? fS 0 *? «■*■* are ^r^d in red. By contrast, 
rohef ia hardly slrnwn, only the high land which might constitute a danger 

^ l ^* dd bC0Wa ' PurpJe ha * now superseded brown for relief on most 
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Ten-miU There is a slight modification of nomenclature for maps on 

the next smaller scale, the expression lO-miEe maps bciiuc umd in preference 
to the designation ore-tenth of an loch to the miJec There is a layer-coloured 
edition prepared on large slice Is mainly for the Lciiofit of motorists. VIHugea 
and small towns are marked by dots, ns on this scale it is hardly possible to 
ahow the form of any but t lie large towns* One version of the Id-mile map 
successfully shows relief by delicate hill shading imsup|Hirted by other means, 

2. Sttbvey of Ism a Maps 

Ala-ps h] India are pnwlueed by the Surrey of India, under the Department of 
Lamia, though in ID47 about half the personnel in the higher posts w ere officers 
in the Royal Engineers or Royal Indian Engineers. Even the briefest of 
recounts should draw attention to the Survey's early start, the vast extent of 
the territory Involved, and the high standard of the work done. 

The first authoritative map of India published by D'AnvflJe in ]7a3 t a 
compilation of travellers* routes and coastal charts. In 1767, two years after 
Key had been appointed Sim eyur General of Coasts and Engineer for making 
military surveys in Greai Britain, Major Jame^ Reunell was appointed Survey or- 
Coneral of Bengal* and this appointment may be regarded aa the foundation of 
Use India Survey. 

Rennoll » maps wero originally military recotinaissancea and latterly chained 
irajveya bused on fl^trorLomically fixed points* Though they do not pretend to 
the accuracy of modem maps of India ba^ed on the rigid system of tri angulaticn^ 
commenced at Madras in ISO2 and since extended over and beyond India, the 
President- of the Royal Society could say in 1791 that the accuracy of Romm 1 Tb 
eurveyB stood unrivalled by the best county maps m Britain. 

I*ifctlu need bo said of the extent of the territory Involved or of the variety 
of the landscape, ranging from tlio Himalayas to the Ganges Delta and from 
jungle to desert- A map of Great Britain can be tucked away in ana corner of a 
page showing a map of India. The Survey spread a system of primary triangular 
l ion over the whole* vast territory owing to the foresight of Colonel Lamb ton 
and Sir George Everest, who initiated this great work and so avoided the 
emhairaesmenta caused in other court tries where isolated topographical surveys 
trere started before a general triangulation xrm available. 

Apart from the astronomical observations and triangulation essential to the 
ni ftppmg t the Survey has undertaken precise levelling, tidal predictions, mag¬ 
netic survey, and observations of the direction and force of gravity which have 
thrown much light on the nature of the earths crust.. Work other than the 
regular topographical survey is undertaken by arranges on t> such an the survey 
of forest, irrigation, railway, city, tea-garden, and mining arcus. The impetus 
given to development as a result of the 193G-45 war has greatly hieroLUied the 
demands on the Survey for such work. 
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MODERN MAPS 

Until ISHJ5 Lir^e-soale revenue maps and ama 11 -scale ancoJoared topographic&J 
Trui ™ W(?re produced. It wsw tl.cn decided to divorce the cadastral aurveys on & 
scale of la inches to the mile from the Survey of India and hand them over to 
the various provincial administrations, The maps are. however, based on the 
trigonometrical framework of the Survey. In place of the old lmcoiomed topo* 
nmnhient maps the Survey was to concentrate on a complete new scries of 
modem maps in several colours on a scale of i inch to 1 mile. It was hoped to 
complete the series m twenty-five years. Later it was decided to puLbidi areas 
of tor importance on * inch or 1-inch scale. Even so, only about three- 
qUHrt aa of the programme was completed by 1930. Tins had involved publica¬ 
tion of considerably more than 3.900 sheets on the l -inch scale. '213 on the J mch 
Acale. and 23 on the j -inch scale, apart from compiled sheets. hheeta so Jar 
published m&V bo seen on key maps in the Annual Reports. 

11k- plane-table has always formed the principal instrument in India for sur¬ 
vey ing detail, though it has never been so in Bri tain, increasing use is now being 
mum- ■‘f air survey. 

The mans cm all three scales are very alike in appearance, all decorative with 
brown contour* and hill shading, red for roads awl built-up areas, green for 
forests, yellow for large cultivated areas, and bo on. Alt! million senes, 
with sheets 4 fl x4\ forms the basis of sheet numbering on all scales, Each 
million sheet is covered bv sis teen |dnch or degree sheet#; each J-iaeh sheet by 
four 1-inch sheet*, or sixteen 1-inch sheets. The polyconic projection is used 
throughout. 

3. Maps of the Usm» States 

The standard topographical scale of the & nfasd State# is 1 1 62,&0fl. A recent 
rcjfott ailvwiitcs the use of this scale for the tuial maps of all uimiEip]nd or 
inadequate!v mapped agricultural hinds in the Eastern and Southern States, 
al] ,j ( ,f imuiupjicd or inadequately mapped area# of moderate economic im¬ 
portance eh-cwhere, a total area exceeding 1 4 million square miles. Tins brings 
out one of the problems confronting countries of continental extent. The snmo 
report suggests the mapping of areas of minor economic importance, such as 
mountain and desert lands, on a final scale of l ; 125.0W. It is expected that 
air-photo survev will play » largo jjait in the preparation of ttic maps, and 
though preliminary sheets may Jack contours, these are to bo added m the 

final version, . ^ 

Present United States maps on a scale of 1 : 02,500 each cover an area la 
miimtes of longitude by 15 minutes of latitude, and have contours m brown, 
water mid i« features in blue, and other detail in black. The vertical interval 
between contours varies on different sheets from 5 feet to 100 feet, dependent 
on the topography. The smaller scale of l : m,KM fa already used f« a «« 
of lesser importance, and ia in the natural series leading to the l : GOO.Ouu, 
bn a 
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a scale employed for a variety of amps. One of the most recently completed 
maps of the United States, and the first to show relief of the whole country 
on any scale larger than atlas size, ia a sectional airways map on the scale of 
1:500,000, which is about 8 miles to the inch. Land below 1,000 feet is 
undifferentiated in altitude, and the map therefore is not representative of 
modem topographical work. 

One feature of consider able interest from a map-user's point of view is the 
information about the map region which is printed on the back of many United 
States and Canadian 'sheets. Sometimes a photograph is included. The practice 
of giving an insejHtrabJc brief memoir with each sheet seems worthy of con¬ 
sideration in other countries, both on topograpldcal maps and on maps which 
show geology, soils, and land utilization, 

4, Maps op Canada, AtSTHALia. Softs Africa, and Sew Zealand 

hor Canada, a topographical surrey is in progress to cover t he whole country 
on scales of 1, 2, 4, or 8 miles to the inch, the scale employed corresjioiidiiig to 
the importance of the area. All the maps are in colour and are very attractive. 
It is significant that the chief mapping agency of Canaria is designated 'The 
TojKjgTOptiical ami Air Survey Rureau for aerial photography is used very 
extensively in mapping the vast regions in the West that are still unsurveyed 
or unexplored. 

In Australia the Depart ment of the Army ia responsible for a topographical 
survey of I he continent for military purposes. Topographical survevs are also 
carried out by the Commonwealth ami the various State Departments, as of 
Railvi ays, Alain Roads, and Water Conservation, for works of major importance, 
hut tlie areas covered are small when compared with the total area of Australia. 
Several standard military shoots on a scale of 1 ■ ©,300 and almut twenty-seven 
sheets on a scale of l : 25,i ll¥> had been published by i!)43. Strategical maps 
covering a large portion of the continent on scales of 4 and 8 miles to the inch 
were compiled after the outbreak of the war in 1039 from State Department 
maps and other iafonimlioiL Same parish maps are produced on a scale of 

20 chains to I inch. 

Commonwealth maps are usually printer! in several colours, but State maps 
are in black only. Standard military' sheets and the International Maps alone 
have contours. Xino of the latter sheet* had been published by 1943, and sixty 
more ore necessary to complete the Australian scries, which includes Papua 
and New Guinea. 

In the Unto a of South Africa tho Trigonometrical Survey is charged with 
the pre|uimt ion of maps other than geological maps. Among its main bine tie us 
aw tho air survey of the Union, and the topograpldcal mapping of the Union 
on a scale of l : 50,1 KH>. The primary and secondary orders of triangulntitm 
are now established over the greater port of the country, and the tertiary 
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tri angulation is well advanced. The air photography of SO,flU0 square mites of 
country was rotfplcied by 1030, The scale of the contact prints is between 
I : 15,000 ami J ; 20,000, The organisation of tin- topographical survey was 
commenced m 1937, Line maps to the scale of the air jihotographs are produced 
by the field parties, and copies arc made available for immediate purposes 
pending the preparation of the topographical maps. 

In Ntic Zealand airly surveys were conducted on a regional basis, their object 
being the production of maps and plans in connexion with land tenure and 
the requirements of a rapidly spreading population* The work served an 
essential purpose, but discrepancies at regional boundaries were inevitable. The 
observational work for a first-order trraftgulation lias tw>cn completed for the 
greater part of the Dominion. Accuracy is well within the limits act by the 
International Association of Geodesy for work of the highest precision- A basic 
topographical survey is in program, the purpose being the publication of a series 
of ma) is or* a 1 -inch scale, showing relief by means of contours, drainage, cultural 
and other features, so far as scale permits. Several thousand square miles have 
been covered by plane-table, princijudly round Dunedin, -Auckland, Wellington, 
the ilotueka A is J Icy. Rotorua District, and North Taranaki* Recently aerial 
photography lias been adopted for these surveys* 

5. The Ln-tehxatiohal Million Mat op the; Would 

As early as 1891 it was suggested that an International Map of the World 
should be published on a scale of one to ft million* often written I : I M. This 
scak ig 15*782 miles to the inch* and therefore falls rat her within the category 
of atlas maps than of topographical imps, but. it merits conaideration hero. 

Agreement has Iscon reached upon sheet lines anil style, and over 300 sheets, 
representing about one-fifth the total required, have i*een published, though 
not all are true to type. Sheets embrace 0° of long it min by 4° of latitude. They 
differ in shape from the traditional rectangle of Britain’a Or* in^n oe Survey, but 
resemble (hose of many other national surveys. At latitudes higher than 80® 
owing to convergence of meridians. sheets may caver 12* of longitude- The map 
projection employed is a modified pdyconic, as described in Chapter XIV, § 1. 
I3ach country b responsible for hs own survey and lays down the spelling of 
every place-name within its border*. Kheeta are produced by those countries 
which have the largest amount of territory in the area concerned* Brittany 
hills on a sheet published by Britain, and Kent on a sheet published by 
France, The agreed lines cause Britain to fall on ports of seven sheets, a distinct 
inconvenience, but one that is overcome by publication by the Ordnance 
Survey of two special sheets fur national use. 

The contribution made by different countries varies enormously, Tims by 
1933 the United States bad published only four sbeot* «f its full abate of forty- 
three, while the Engineering Club of Rio de Janeiro complied and publish*) 
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between the yearn 1022 and H+24 the full set of forty-four sheets representing 
B&dl'B ]?ortitiii, though admittedly the work was below standard. 

At tills stage in the worlds history difficulties ate bound to aria# in connexion 
with the organisation* finance, printing, and sailing of an international map. 
But the effort has at least Hlimulated much mapping on tins scale and hoa set 
a standard, Thug a map of the whole of Mexico* Central and South America, 
and the West Indira, conforming in general make-up to the International Map, 
hag been compiled m lo2 sheets hy the American Geographicfti Society t pro¬ 
viding a welcome map for general reference, as well as a base map for recon¬ 
naissance in the Geld and for detailed plotting of distributions Each sheet 1ms 
a reliability diagram showing the areas colored by surveys and the type of 
survey. 

As well m the two sheets of Britaiu on the million scale, international sly Its the 
Ordnance Survey also publishes a series of other maps of Britain at 1:1 M, These 
include a Physical Map h a Distribution of Population Map tn twelve colours, au 
Intern fit hual Local Aeronautical Map, and maps of Roman Britain, Britain in 
the Dark Ages* mid Seventeenth-century England, 

Air maps on the million scab were largely used in the 1939^-45 war. The 
British Army; Air style had relief shown by purple layers increasing in intensity 
with altitude, water in deep blue, and main roads hi solid red. Prominent lines 
drawn across the map showed magnetic variation for a given month and year. 

G* Amis Mats 

When maps began to accumulate in the sixteenth century as a result of cop jier- 
plate engraving and printing nu name existed for the book£ into which they 
were collected, Orteiius* who published the fir^t systematic collection of maps, 
used the name Ttuatrnm t a display or show, John Speed used the English 
version Tkmtft, Others used the tonus Sp&ruhtm, Gtogmpktft, Comiagmphi<t* 
and Champa phia* Mercator chose for the title of Ma collection the word 
no doubt an imaginative gesture based on Greek mythology in which Atlas, 
with feet firmly planted on earth p upheld the sky- This title outlive*J its 
contemporaries. 

To-day so many atlases are published that no attempt U made to describe 
thusu. They range in size from the genuine pocket edition to the 25 -pounder. 
But atlas m&|a have characteristics which distinguish them from topographical 
maps, and attention can be drawn to these quite briefly, 

A primary difference between atlas maps and those previously descriljcd is 
in scale. Tn aliases there are rarely any maps on ns large a scale as 1 inch to 
10 miles, the representative fraction for which is 1 ; 633.600. The largest scales 
are more often in the realm of one to a million,, and then only for the homo 
country or areas of special Importance, For maps of the whole world scale may 
bo 03 small aa I : 225 millions or between 3,000 and 4,000 miles to the inch. 
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This enormous ml notion of scale entails ft great toes of detail which to 
reflected m many ways. For example, the dimensions of the paper covered by 
a iimp get a natural limit to the number of names which can he printed upon 
it. An atlas map of the whole of Africa can bear no more names than can be*- 
shown upon a topographical map of Like size but represent mg only a few square 
miles of territory. Relief eon no longer be shown by anything meriting the 
name of contours,, but- only a generalized picture? can be given showing the dis¬ 
tribution of high and low* land, 

For Homo purposes reduction of scale to an advantage Iiecauso it enables 
information to be given about- an extensive area Let convenient ft>raii_ It to 
thus possible to sec at a glance the distribution over a whole continent of 
Fftiiifnih temperature vegetation or nuoer&to* direction of prevailing winds or 
movements of weather systems. 

Conventional colour schemes arc much employed on atlas maps. On physical 
maps layer colours normally show low la in to in greens F passing into hrowm for 
highland. Rainfall maps show regions of heaviest min in purples or blues* and 
pass through yellows to brown with decreasing minfaJL Vegetation tnaps 
usually employ greens for forests, yellows for grasslands! and browns for itrub- 
landsL These conventions simplify map interpretation and regard should be 
bad for them even in sketch-maps. 

The extent of the area shown by atlas maps inevitably raises the question 
of map projection- Earth curvature over a small area aa depicted in a plan to 
bo alight as to tender projection relatively unimportant. Rut curvature to bo 
considerable when a whole continent lute to be mapj>ed on a single sheet that 
careful consideration must be given to the scheme by which the curved jmrfaoe 
to to bo projected on flat juapor. Thu whole problem to discussed in Chapters 
XI-XV. ShajM* or area are often sufficiently distorted to be noticeable to Hie 
must casual observer. Consequent^ it is desirable that tin* tn^er of atlas m&ps 
should bo Buitieiontly aw are of the pTcqwrttoe of vorioua map project iona te 
enable him to avoid errors about direct ion t distances* route and comparative 
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CHAPTER THERE 

MODERN PLANS 

Maps on snilcs substantially exceeding I inch to 1 mile arc usually called pinna. 
Few countries have official plans for tho whole of their territory, Britain, 
perhaps the best surveyed country' in the world, has plana «f tho whole of its 
area published on the scale of il inches to 1 mile, and five-sixths of its area 
published on a scale of 25 indie* to 1 mile. A new triangulution of Britain, 
commenced in 1935, is in an advented stage and will form the framework for a 
survey of urban ami* on a scale of approximately 50 inches to t mile, and for all 
subsequent now work on this or any smaller scale. 

A difficult problem naturally faces the so-called new countries, especially 
those of vast extent where rapid development demands map, and where 
accurate geodetic triangnlntion cannot be waited upon* Even in the United 
States, less than half of the country has been mapped topographically, and only 
about half of the work so fur completed is adequate according ’to modern 
standards. Work is entrusted to the Topographic Branch of the Geological 
SuiTcv. though there are various mapping agencies, geodetic control survey, for 
instance, being made under the auspices of the Coast and Geodetic Survey. 
All tho township plans of the public land surveys of tho General Land Offieo are 
on the scale of 2 inches to the mile, K.F. 1 ; 3! J&p, which is slightly out of) mu 
with Lite other twoimjiortanl United States scales of 1 :62,500 and 1 ; 125,000. 
The pressing need for bust* maps has led the Geological Survey to compile an 
increasing number of what are called pi f mime trie maps, mostly on the 2-inch 
ucalc. item aerial photographs. Cultural features are shown, but not contours. 
Other 2-iiiclt maps are contoured, the vertical interval varying with the terrain. 
Sometimes it is as low as 5 feet. More than 200 geological folios leave been 
published, the most, details! on the 2-inch neale, and each folio has am pa to 
^huw topography, geology, underground structure, mineral deposits, and 
economic geology. Larger scale plans are produced of SjJtvial ureas, and a 
number of line map* are compiled on scales of | : J 0,000 and I ; 2O,(K>0, with¬ 
out contours, from aerial photographs, in connexion with revision surreys of 
the coast. 

L.li^c scale plans on a national basis are obviouwly expansive to produce, and 
though they ore unnecessary in unproductive country, they prove an ultimate 
economy in highly developed areas. In Britain, before publication of official 
plans, large sums of money were spent on private surveys of estates and pro¬ 
spective canal and rail developments. Twelve thousand tithe maps wore pub- 
hahed, mainly on a scale of L inch to 3 chains; end though the work cost about 
* million pounds the maps were, on the whole, unreliable. No matter what care 
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h taken, isolated unconnected surreys never prove accurate enough to join 
together to form a continuous whole, nor are t hey likely to be uniform In quality, 
so re-survey is ultimately involved. 

Once a large-scale official survey is published it Lb available for town planning, 
development of communications, water, aewugc, power, irrigation and flood con¬ 
trol schemes hind conveyance, taxation and valuation. registration of land 
ownership and land grunts, tithe redemption, location of national parka, and 
delineation of administrative boundaries, A base map ;iho becomes available 
for subsequent surveys, oh of geo logy, soils, iu id land utilkution, or for the 
preparation of statistical maps so essential to much geographical and mewl 
tttteurch. 

Before describing examples of modern plana it may bo well to tabulate the 
principal scales, expressed in their two common forms, us a representative fhm- 
tiun and as so many inches to the mile, since constant reference is made to them 
in one or the other form- 


fra&fom 

1/1.SJ50 

1/2,000 

1 / 25*000 
1/31,MO 


htehiM to iht mil* 

scmiss 

2^344 

e 

2 5 UfiptUT. 

S 


The first two are sometimes described as large and the remainder as medium 
Beales. In the tunic wav scales used for topographical nmj m would lie referred 
to uh small. 

The work of the Ordnance Snrvoy provides a full range of modern plainly and 
consequently the remainder of this chapter in devoted to publications of the 
Survey* 


L BACEcmouso of OKpyANcn Svsvey Px ans 
Before describing plum published by the Ordnance Survey, a word umv bo 
said about the programme ns a whole, though this anticipates explanation of 
such expressions as primary trhmgulatioUj central meridian, and national grid. 
L-iitil the outbreak of war in lt*3D the Stamford plans had been the 0-ineh and 
the 25 inch. The former arose [i&rtly because of the successful work done on 
this scale in Ire-fond between 1825 and 1840. Production of the maps of Britain 
on the I-inch scale had been held up to allow the survey of Ireland to proceed. 
When the latter was completed, the survey resumed in north England and 
south Scotland, but on the G-inch scale, which rendered further work at the 
smaller scale unnecessary, since smaller scale map* can always be drawn from 
larger scales. Publication ultimately involved 15,000 sheets, each covering 0 
square miles. 

The survey of Ireland Lad shown that the 0-iudi scale was too small for 
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certain purf**™. The- choice of the huger scale qn which H ]J Britain was later 
Burr eyed, exceptmountain and moorland areas, was inHuenecd by this and tliree 
other emu .derations. One of these was that on a scale of 1 : 2,50i> the exact 
shaj* of every enclosure could be shown and it* area calculated with sufficient 
accuracy from the plan itself without further work in the field. A second con- 
^deration was that, a square inch on the plan conveniently represented almost 
exactly an acre, actually 0*996 of an acre* Lastly, the scale fell into line with 
suggest ions at on international conference where it was hoped that natural scales, 
such as represented in this ease by 1/2,500, would become universally employed. 

. Jr TfSS r>ri T°' tria ^ ,ation of R toi*U Isles was observed between 
i and 1863 and was commenced to determine the relative positions of Pads 
and Greenwich. Subsequent checks show that while there was a remarkable 
degree of accuracy over long distances, there were larger local errors tl.an 
would now te accepts! in making plans. Thas it was considered that a new 
secondary t nangulat ion was necessary on about *tmile aides. But too few of 
he old primary stations could be recovered with certainty, so a Dew primary 
triaiigulH mu whs neoHBswy before tlie now secondary. The original plans were 
also published with different central meridians fur counties or groin* of 
counties, and while the survey work for each was Linked with the primary 
mnguLition, lireguianties and discrepancies occurred along adjoining boun- 

hmShtTn^ mf ‘f° Ct ™**&P*** triangulotions which cannot now be 
brought into sympathy with each otter. 

in t [. iaCgTJ i ati , 0n OJ1 about 30-mile sides, part of which Is seen 

** d cui, ™}y secondary on about 4-mile sides, obviating the 
need for a complete tertiary system, will be projected independently of county 

Ln t ^ OU * Ringlfl belt covering the entire, 

nnd S^ ^M this projection for ail nation*! pte* 

and topographical maps, a Matronal Grid can be superimposed on all of them, 
gre nig a unique reference for any point regardless of stale 
Ite plan programme of the Ordnance Survey therefore involves, apart from 
J2 I? P^bcation of existing plana with a certain amount of revision and, 
tl.e a ^ d ‘ completion of the new triangnhtion, 

: snr y ^ ya tr ^ for * 1/1250 ***■ *• •™*«i of the 

ttei aLlT’ SS" - * Cftr3 * ww ft-inch map based on 

■n*^? G r V Ira ^ tl,ato production of a new medium-scale 1/25,000 

ITJ. 6 ' m * k plttIW - M new phmare to * ^ 

te sTL^»" P ™ ieCll “ > B “ d * M ‘ lta "“«<■“»' An 
i/i p 25Q Pujsfi ow Urban Areas 

mu, * - S i*? dnc ^ COIltr °l ftimwl at in tl;c survey for making iliesn ulna, t, 

* Pl«n tf -Tilted on a senlo of l/*t Th.Titer IS 
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meiL. 1 * that 1 inch of paper would show 500 inches of ground. Lines on a plan 
cai * iw 1/100 of an inch thick. Therefore this thickness on such 

4 |ilati would be equal to onto 5 inches on the ground, jin error in position of 
more than 6 indies in making the surrey must therefore lw eschewed. 

Each plan is to cover one-quartor of a square kilometre, and 150.000 sheets 
will he required to cover urban areas in Britain. Each la a square from the 
National Gnd, so Joining up will be possible, and names near the in urging 
are designed to make such an arrangement satisfactory. 

Contours are not appropriate to sutJi huge-ceafe plans especially in built-up 
areas. Instead there, arc frequent bench marks. A description of each its 
height, the date when determined, and the grid reference of the mark are given 
in a reference list. Areas of parcels of land, which form a prominent feature of 
the I'y-meh plans, are omitted again because of the tvpc of area portrayed 
autbamnt house cumbers are inserted to enable the number of any house to /, 
completely ImiJt-tij. street to be ascertained. 

lhc urefuhless of this brge-scalc work is unquestionable, but much will 
dopetid ujhph up-to-date revision. It is uncertain whether air surrey will prove 
effective for this affect of the work, and it may be desirable to maintain 
local staff to deal with it. 

3, The 25-uroir Plans 

Afore can bo said of the 25-moh plana since moat of Britain has long been 
published in this series, involving 50,000 sheets. The exact scale is 25-344 
inches to the mile, and the representative fraction 1/2,500. The most significant 
fjtot about the 2,"-inch scale is that it is sufficiently large to show every feature 
true to scale which u drawn in plan. Much information about important mat tore 
not visible in the field can also be recorded. Thus there are shown in distinctive 
hues more than t welve types of civil administrati ve boundaries, from county to 
oivil parish. Until so mapped, parish boundaries were not generally recorded, 
hence tJie ancient custom of immudly beating the bounds, that thev should live 
in tke mDiiH^ries of t bo iirimhitnnta. 

IJcdgBQ-i ferioos, ditches, and other visible ©bstadfcg to trespass arts marked 
and every pared of land has a reference number and its area within visible 
iKuradnrics recorded in acres to three decimal places, that is, to within the 
nearest. 5 square yards. 

It should lie noted that, in England fences rarely coincide with property 
boundaries. The latter are set out in title-deeds, mid are often defined »s 
running so many feet from the centre of the fence. A map showing property 
boundaries Is termed a Cadastral Map, and is of primary importance in countries 
where fences are few or where ownership marks tend to be obliterated, os in 
Egypt- Nevertheless the 25-inch and the ti-inch plans of Britain are often 
wrongly referred to as cadastral maps. 
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Altitude on the 25-hieh plans is shown by a generous dsHtxibutiori of spot 
heights, with bench marks and trigone* nu?Lric&l stations.. Nu otiwir means <>l 
showing relief ia attempted, but it to os t be remembered that the area covered 
by each sheet is small, only Li square mileSj and that to the users of iIkhl’ 
plaj^ specific levels are mure important than a general rcprc^'Ulfttiim 
relief by contours, Levels. given on the older dhcet3 are in icet to one da iiind 
place p and ore based on the Liverpool datum* A new and more ace urate 
levelling has been completed based on the Newly n, Cornwall, datum As sheets 
lire rciatmed, new levels are given in feet to two decimal place**. The greatest 
difference shown 1 b less than U feet. 

Lon vendors! signs arc ttsed with initial letter? to indicate such features as 
electricity pylons* telephone c»Il-boxe$ P springs ami wells. Lucubrated 
vegetation is" differentiated into about ten types, and is shown by character 
drawings* Tree sign** resemble trees in pruhlo ami not in [dan, the method 
adopted on maps of most countries. Cultural feature;*, from quarry to refuse 
heap, and cutting in einbankmentj are drawn graphically. 

Much uac ia made of different styles in writing. Thus, as reference to the 
official characteristic sheet shows, it is possible to diatinguiah, for example, 
boga, moors, and forests, from gentlemen's seats. Style of writing m also Ui*od 
to distinguish the period to which antiquities belong, rumicly, Prehistoric, 
Roman, or Saxon unci MedicvaL 

The now 1/a/iOO plants will be 1 kilometre a eidu, each plan covering the earns 
ground us four plans on the 1/1,280 au*do, but a greater area of Britain will bo 
publi&hcd on the smaller seaJo tlmnon the larger. The old held numbers will 
be replaced bv the four-figure grid refcreuee of the field centre. In a later section 
on the National Grid it k explained how by this moans every parcel of land i m 
Britain can be given a unique reference. The acreage figure will he retained. 

4* The 8-mm Piaxs 

The existing 6-inch plana clo$clv resemble the Jo-inch, fcud eyoryt[ling shewn 
in plan is true to scale, except narrow streets, the boundaries of which are 
fcometmic? opened to make room for names, A1J civil admin i s trative boundaries 
are marked, but there is not the same wealth of detail relating to their exact 
position in relation to fences. Individual parcels of land are dearly shown, but 
neither reference' number nor area is given. 

Similar item* to those on the 25-inch map tut) differentiated 1*y styles of 
writing, and such features as cuttings, embankment, quarries, and uncultivated 
vegetation are similarly drawn hi character, though much reduced in size. 

Altitude is shewn by numerous spot height* and bench marts, on the more 
recent sheets in fret to two decimal places, based on Newlyn. But the 6 inch 
ean claim one feature which is lit' king on the lorger-actde plana, namely, con¬ 
tour. rerhajja the introduction of colour may be regarded as a second nddi* 


23 MODERN PLANS 

tionnl feature p fnr on most maps black dotted tx>ntours give way to ^olid lino 
conkmra Ri r*d or blue* These were ins tru mentally determined in general at 
m feet, 100 feet, ivnd thence by hundreds to 1,000 feet, and above this at 
intervak of 250 feet, Intermediate sketched contours or form lines are shown 
by dotted lines. There is no rigid uniformity therefore in contour stylo or 
interval, ami on some maps of northern Scotland no contours at all are shown. 
Differences of treatment are a response to terrain and purpose. 

Such large scale plans would never be kid out ta give the alleged bird p e eye 
view of the whole country. If an attempt were made,, the ii inch map would 
require a rectangle 100 yards long and 57 yard* broad, and detail across various 
sheet edges would not fit, because, for reasons explained in a eubeequont chapter, 
though all the plans are drawn on the same projection, CassiniX they do not 
have a common central meridian. 

The tbiuab map is the map po r rape!fence for the detailed study of local 
geography. To give but one illustration, the crops of every field can Ijo records), 
and such work formed the basis of t he Land Utilization Haps of Britain finally 
published on a scale of t inch to the mile* Much use ia made of the b-inch 
ma[^v for drainage, road and railway schemes, for Engineering, organizing elec¬ 
tions, anti administrative purposes generally. Town-pi turning schemes must by 
law !?e exhibited on map* on this scale. About twenty-five town maps ou the 
fi-inrii seals have been specially published, in colour. 

As the new G-inch map will be made by reduction from tlie new large-ad-ale 
survey, and will not appear for sotno years, little can be said about the ultimate 
design. It is expected, however, to follow 1 the general grid layout, that plans 
will be square hi shape and cover the name area els twenty-five of the 1 /* QGO 
plans, and that. liisinrmon tally surveyed contours will be drawn at intervals 
of 25 feet. Buildings may also shown in colour* 

A provisional edition is being published on the old county sheet lines* with 
national grid added in dotted Lines at 1-kilometre intervals, together with hasty 
revision carried out in 1938, 

5. Thu New I/25 b OCM) Map 

I bi^ scale is new to the Ordnance Survey series. Production is going forward 
rapidly by redrawing from the 6-indu Sheets cover an area 10 x 10 kilometres, 
iv dh margins eo designed that ad joining sheets can br assembled to form a 
new complete sheet* find linos are drawn at intervals of I kilometre. The map 
ha.? many of the best features of both the ft-inch and i-itieh series, notably much 
of the detail of the former and the colour and aweep of the latter. There are 
four colours: black for names, outline of roads, public buildings, blue for 
water, brown for contours end road fillings; and greenish-grey for build ings* 
wood.*, and minor detail, such as fences. All roads bdow a certain width 
are drawn to a gauge. Contour.* arc drawn at intervals of 25 feet, indicating 
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interpolation. Bench marks are shown in open country* but heights are not 
given. These are to be fonn J in the bench marks lisLs by their grid references. 

In addition to the fully coloured map, there is an outline edition consist mg 
of the black* blue, and grey plates printed in dark grey, and an administrative 
edition in which local government boundaries are prominent. 

0 + JIai- Sumuaby 

Large-scale plans record almost every topographical detail and cultural 
feature true to scale. On topographical maps some features are not true to 
scale, and many lire omitted or shown by symbols rather than by character 
drawings, Street detail may disappear and town form alone be indicated, or 
oven this may be absent and town position be shown by a dot* Contours 
tum the character of form lines. With still further reduction of scale the 
at las map emerges. Choice of projection becomes a major consideration. There 
Is often visible d istortion of shape or area. But wi ih decrease of scale, apeciaika- 
tiou ami variety of fmrppBft become features of the work. 


CHATTER FOUR 

CHAIN SURVEY 

National survey* involve u comprehensive staff of surveyors, instrument 
oamers h draughtsmen, reproduction personnel, and so on. numljcrmg in some 
countries upwards of 3 P OOU people. There are two quite different approaches to 
ftU understanding of bow the field work Ls < 10110 . One in to follow each operation 
in turn, beginning with a recormai&sance survey, proceeding to a description of 
triangulation, and finishing with methods of lilling in tie toil. The other is to 
centre description round the instruments, starting with the simplest first. This, 
latter approach is the one employed here. The beginner may at least try a chain 
or compass survey, and having tried, will be in a better position to comprehend 
the part played by a theodolite, even though he may have Ml tie opjjort unity to 
handle the instrument. It should also be rcnveml^red that the purpose of the 
succeeding chapters is nut, to tench surveying, blit to give sufiivient tunlcrstatid- 
Ing of the process to lead to a fuller appreciation of maps and plans, their limita¬ 
tions and iKmilutities, 

One point in connexion with surveying calls for emphasis ut the very outset, 
namely, that the process work* from the whole to the pail, A system of primary 
triangulation la spread over the length and breadth of the area, fixing the 
exact location of salient points, commonly some 30 miles apart. Secondary and 
tertiary triangulation fix the position of mote and more points in relation to the 
primary stations, until the area is broken up into blocks of about I-kilometre 
s side. The process of fixing points within each block. eouLmiiea, till eventually 
the detail of roads and buildings can be drawn in. 

The distinction of first devising triangulatum of the accurate instrumental 
kimi is accorded to a Dutch man p Willebrord Hncll, who in ini3 observed the 
angles of a elm La of triangle* between Le yden and Aik 11 mat* It was of course 
very early realized that ibe position of a point could be fixed by angular 
measurement from two other known points, 
linear measurement probably also played un important port in early survey¬ 
ing, bused on the fact that the position of a point run he determined by its 
linear distance Iron) two other points of known distance apart. In the sixteenth 
century land measurers used cords soaked in resin. In the west century 
Tuimund Gunter's chain came into use, and has continued to the present day. 
though it may soon be superseded for Ordnance Survey work by a chain 20 
tnctrcfl long with links of 1 decimetre. With little hut a chain, accurate plans 
can lift made of snail ureas, or detail fixed within a framework of triangles 
determined by more elaborate survey instruments. 

It seems incredible that chain work a* hero described ahould have played an 
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important part in limiting national maps and plans. But much of the detail on 
Ordnance Kurvoy plans has actually been fixed within the general framework 
by the methods to lx? described. In India and the United States with their 
smaller scale work, the plane• table instead of the chain, Ihl^ t>een used to Lirt 
detail. 

L CHAIN SrRYRY EQUIPMENT 

The only equipment essential to chain survey consists of a chain, markers, 
pencil ahd note-hook, a straight-edge, and a pair of compasses, for setting out 
lines from the field-book records. 

Gunter** chmn in 22 yards long and is made of links to facilitate folding, ns 
shown in Fig. 9. Both the chain and the link are used ns units of mo&aarttiuent. 
The latter includes one long and three short. links, normally reckoned from one 
central short link to the next. There are a hundred such links to the chain, cadi 



Fio. &. Guntor'a Chain with tcfier&L 



FiOn LG. Lanii ebam arrows. 


measuring ~-{\2 inches. Brass tags or tellers of Higmficani shapes as wen in 
Fig. 0* are attached at every tenth link to simplify counting. The surveyor 
thinks in terms of links* and not of the equivalent in inches. A staff, ten links 
long, is usually carried to measure short distances. Ten square chains make an 
acre, evidence of decimalization tuf one British measure. 

Engineers, unconcerned for the most part- with acres> generally ixm steel 
bands wound on a red like the familiar tape measure, and with them very 
accurate work k jHi&dhfe. They have not succeeded in displacing flip chain 
from its o)iJ-time use, probably because of the additioiml care needed in handling. 

Two type* of markers art? used. Tho one consists of sfcod skewers called 
arrows, used to mark the ends of chains as measurements are made, A set is 
shown in Fig- lib The other type consists of slender iron-shod pole* . ulh-d rang¬ 
ing rod*. These arc driven into tho ground or hold in supports to mark the 
ter minal statin us of lines which it in intended to measure. 

Measurements are recorded in a field-book, the page* r»f which luive either 
one or two lines down the middle. Entries are always made from the bottom 
of the page upwards, starting on ibe last page. Hie usefulness of thus conven¬ 
tion is appreciated when field work is undertaken. 
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2. StTHYEV OF A Fiei.d 

Suppose it in desired to produce a plan of a field such as the one south of 
Finney Farm in Fig. 20. A ku-gcr sketch is shown in Fig 11. The chain survey is 
made hy dividing tko field Into u aeries of triangles and measuring the tildes 
of these This is because the lengths of the aides of a triangle fix its shape. That 
is not so of all other figure. For instance, the top of a match-box U a rectangle 
in section. Bv strue&ring the box a series of loiie i tgc-ahaped sections result, 


Fisj^ Up Cirniu survey of n field. Tlw lower t[g\itv ia an ^iiiLirgemc^it u! J part of 
Huo 4 r whciwliLg ufl&cta at fij ^ c p d, ftml c. 


though the lengths of tho aldea remain uiiehnngetl. F^w fields are triangular 
in shape, hence they must be conceived as a series of triangles, preferably knit 
together by some major straight line. It is here Umt tho ranging rods are used. 
They ore placed about the field to form terminal points of lines which make 
up ;i genes of triangltSj the ends of the numbered linen in 1' ig. 11. it should Ins 
noted that these ure 03 near the fences is jMv.sible, Till; field splits i drly 
readily into two major ami two minor triangles. 
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When the plan of campaign has been determined* a rough sketch k made In 
the field note book* and chain lines are lettered or numbered in a route order 
which ’H ill entail least walking. The leader sets off from the ranging rod at the 
commencement of line 1 T earning a set of ten arrows, and dragging the duim. 
When the latter is fully extended, he h directed into line with the remote 
ranging rod by an assktant. The chain is then drawn taut imd an arrow is 
pushed vertically into the ground touching the outside of the handle at the 
Leader'll end* while the handle at the assistant's end touches the ranging rod. 
The leader* or a third unin* the booker, enters in his held-hook the number 
100 to indicate that one chain has been measured in links along lino t. The 
chain is then dragged forward till the assistant comes to the arrow. The leader 
is directed into lino as before, the chain handle laid on the ground touching the 
arrow* the chain drawn taut, and a second arrow inserted at the leader's end. 
When moving on, the assistant collects the arrows tn r&ute and a check Is 
mode at the end of the line to see that the number of arrows collected corre¬ 
sponds with the number of chains entered by the booker. 

It will be seen that the length measured is tha distance in a straight lino 
between ranging rods, but the surveyor wishes to produce a plan showing the 
fences, which ore nob necessarily straight. Thus, before the chain [3 moved 
forward each time, he takes liis offset staff 
and measure* the distance of the font# from 
the chain* at rigid angles to the latter* at 
Eigniricant points which will enable him to 
make a fairly accurate plan of the fence. An 
example is shown in Pig; 11 for part of lino 4. 

Two hook entries are necessary for each 
offset, tim. the distance from the commencement of the line* and second* 
the length of the offset. The most accurate work results when offsets arc 
short, and this is one reason why lines are arranged to run as near the 
fences m convenient* If offsets uro long, it is difficult to judge w hen measure¬ 
ments arc being made at right angles to the chain line, und tho chain may 
have to be dragged round to take the measureruent- 

The right-angle difficulty can be overcome by using an Instrument such us 11 
cross stuff* in effect a ck&s or bus with sights at right angles. A sight Is taken 
along die chain line and the ciw sight then reveak the right-angle offset 
direction. Alternatively offsets to a given point can be taken from any three 
recorded points on the chain line, us at A* and U in 3‘ ig- and the required 
position obtained by intersecting arcs. This method k recommended whenever 
an offset exceeds m links, especially if working on a scale of about three chains 
to the inch. Apart from its reliability* short offsets with the stuff can be taken 
from tho lines AD r CD to the fence. 

It would Lo bad pmcticc to endeavour to survey tho field in Fig. 11 using 
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perpendicular offset, 
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line 3 as ba$» and taking single offsets into ike southeast and north vest 
corners, presuming north to be at the top of the sketch. There would be 

uncertainty in setting out the right angfe. 
and there would be no dieck Against 
error in linear measurement. 

It is fid visa hk to start the field entries 
of each line at the bottom of a new p#$J£ 
if there is any likelihood that otherwitie 
there would be iiisuUidont room bo com- 
ptete the job. The amount of space re¬ 
quired dependson the number of entries, 
m no attempt is made to keep t he length 
to scab. Fig. 13 fdtowa the entries act 
out by dusibb - and ringle-lme methods 
fur line 4, The double line method is 
usun lly considered the better. A dot in a 
circle represents the eommeneementniid 
end of fche line, and offsets are entered 
<m that side of the page on which they 
appear looking in a forward direction* 
In this example the fence entries are on 
the right and line U ifl shown on the left- 
A litre shows tho approximate shape of 
tlin fence anti obviates an excessive 
number of offsets. In addition to offset 
entrk* fc full dminB in links are entered 
as measured, hence the apiAarartee of 
the numbers in huitdrcda with HO corre¬ 
sponding offset entries. When the chain 
line Is crossed obliquely by such ns a 
path* stream, or fence, it is shown in 
the double'line field-book by o broken 
oblique line, the inner ends of which 
emerge from the central column hori¬ 
zontally opposite each other. 

The "licst triangles in all survey work 
am those with angles each exceeding 30°, 
because thou there la no doubt ns to the |Hii rtl or intersection of aides when they 
nit? set out on paper. Thin* the triangle bounded by lines I. 2 r and 3 is not 
particularly $oimd or well conditioned. 

When drawing out the plan, a suitable scale is chosen and the biigtics of tho 
triangle sides are taken from the tidd-book and drawn by the usual method 



Eta, 13, FifiltMjonkfsnttTM for chidn sumiy 
of lina i f FS£h 11 h dduMtT- and 
methods* 
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of intersecting arcs. Field-book entries should lie $n unambiguous that, one 
surveyor can draw n plan from another's book. 

Mistakes booh 1 times creep into the field-book, and the shape of a triangle can 
be distorted without discovery if the length of one side is made too short or 
too long, especially as there is no cheek on angles. It may happen that a second 
tine cruises the triangle, as does line D in Fig. U. This provides a cheek, for if 
an error has l»een made. Lids line will not lit perfectly in its assigned position. 
If no feature on the land requires measurement, it is essential to insert and 
measure such a line as check or tie. Thus another diagonal or cross line in 
triangles involving lines 5, ft, and 7 would minimize the possibility of error in 
that port of the plan. Once the triangles are drawn to scale, and tested by check 
lines, detail from offsets can be inserted. 




Fra. 14. To ascertain the distance to an inaccessible point. 

On all surveys it is usual to insert an arrow to indicate north point. Tf 
obtained with the compass it is important to state that it in magnetic north 
as opposed to true north and to insert the date. A scale line should also 
be drawn. Scales of three or fuur chains to the inch are common. It might be 
noted that sufficient accuracy is obtained when such scales arc used by measur¬ 
ing lengths to the nearest link. On a scale of two chains to the inch, one link 
is onlv one two-hundredth of an inch, so fractious of links are tinpert-cptibk'. 

Chain survey need not be limited to a single plot of land. The same pro¬ 
cedure could have been followed had the ansa in the figure been divided into 
a number of fields. Chains can be dragged through hedges, and obstacles over¬ 
come. But there is a fairly obvious limit to the area that it is desirable to 
survey with the chain. A huge estate would prove very unwieldy and would 
tend to an inaccurate result because of the difficulty of binding the whole to¬ 
gether on a single major line or scries of lines. For the same reason a number 
of chain surveys cannot be pieced together to form a map of an extensive 
area, no matter how carefully the work is done. By using a theodolite, to be 
described later, an accurate framework of triangles can be laid down and the 
detail fitted in with the chain. 

A station used in theodolite work, as on a church tower, may ba t n a i a te ffldblo 
for chaining purposes, hut its distance away may be determined by the follow* 
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ingtuctiiod. Su]iputi6 the direction of clmiding in Fig. U(ti) to be from A towards 
the inaccessible point at B, At uny convenient point C a lino CD is laid off 
perpendicular to AH. At D the Urn? DE is laid off perpendicular to the direction 
BD. Then because BD8 b a right-angled triangle with CD perpendicular to 
tho hypotenuse, EC.BC = CD*. That is, llue required distance BO — CD 1 1 EC, 
This method is equally applicable if it is necessary to find the width of n 
river. A point is noted on the fur side, os at B in Fig. 14 (6), and lines arc laid off 
ns Irtifnre at C oiul D, and the length BC is calculated, The point 0 need not 
be on the river edge, since the distance from C to the river may be chained 
and subtracted from CB. 

An alternative method to find CB is shown, in Fig. 15. Perpendiculars are 
In. iii off AB at convenient points such as F and C, and the }>oints It, D, and E 
are alined. Then because triangles EX D ami DCB are similar, 

CBICD = XDjEX. 

That is, CB = CD X XDjEX 

= CD x FCfEF—DC. 

All these arc measurable with the chain on the ground. 



Flo, Jfl. To find tho width Fro, 10. Diversion round pond: (a) rectangular, 

of a rfvtrr, and (t) triangular. 


Should the obrttade be a pond as in Fig. 10. it may 1 m? easier to measure the 
broken length of chain line by making a rectangular diversion round one side as 
in Fig. 10 (a), where AE equals BV\ or better, a triangular diversion aa in 
Fig. 10(6), when? .-Ilf equals BC, CD equals DE, and where, therefore, AE 
equals twice BD. 

Chain survey is generally u intuited to enclosed, built-up. or bush'covered 
areas, while broken ground makes chaining slow end difficult. It is therefore 
necessary, aa with all other forms of survey, to consider in advance whether 
it Is suited to the job in hand. 

3. DlSTAXOfiS AITO ASEAS 

One point must be mode clear about all plans oiul maps, namely, that 
distances are represented on tlirm as though measured on the level, or to put 
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it Another way. as though hills had been pinned off rmtl hollows filled in, A 
moment's reflection will show that this is absolutely essential. If topographical 
measurements wens accepted without adjustment, Jtills and hollow* would 
cause local distortions impossible of absorption into the scheme as a whole, 
Consequently, when surveying even a limited area of sloping land, the dis¬ 
tances entered should be the horizontal distances, not those measured up or 
down elofiea. It is not always possible to 
avoid setting out chain lines on sloping 
ground, so either tho chain has to bo 
stretched as nearly horizontal as [Mfisiblo 
against a vertically held ranging rod, or 
allowance must lie made for slope. The 
chain is likely to sag if the first met hod Is 
adopted, but there is less error from this 
source if twenty-five- or fifty-link lengths 
are measured at a time. Alternatively 
tho degree of slope can bo measured 
with an instrument such as a clinometer, 
and the corresponding horizontal distance 
calculated, obtained from a table, or a 
section drawing to scale. It will always 
bo less than the slope distance. The sur¬ 
veyor often inserts numbers at various 
spots on the plan wliieh show differences 
of level, but these are not determined 
with a chain alone. 

It follows that areas shown on a plait 
do not strictly conform with laud surface 
areas, unless the land is flat. Except in 
the ease of canyons, ravines, or hills like 



Fie, 17. To find the area of an irregular 
figure, f£i> ParaJltil Jim* solid, give-iuid- 
takc lints dotted; Totting length of 
atrip* with divulsFi 


the Sueur Loaf, the difference is net as great as might be supposed, On land 
with a slope of tO* which is considerable, slope distances exceed horizontal 
distances by 1*54 per cent, and areas exceed horizontal areas by slightly more 

than 3 - 1 per cent. _ , , _ 

There are two simple methods of finding areas of irregular shape on plans. One 
is to trace the figure on squared paper, count the rramber of squares,and convert 
this into area from the scab of the plan. Along the edges of the figure 
where squares are cut by the bounding lines those squares which have half 
or more within the figure are counted as whole ones, and those with less than 
half are discounted to balance. It b convenient to remember that on the 
scab of J/3, 5011 or 25 344 inches to tho mile, an acre is represented by just 
about one square inch, actually 1-001S square inches. 
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Another method to find areas is iJ lustra tod in Fig. 17 (a). Parallel fines mo 
inled across tUo plan at a convenient distance apart, such as tlint represented 
by one chain. Give-and-take perpendicular lines ore then drawn aa shown, 
so that the area enclosed within each roc tangle is estimated by eye to equal 
that enclosed by the corresponding strip on the Irregular figure. The urea is 
computed by summing ilie lengths of the rectangles and multiplying by the 
breadth ab. Allowance must I>e made for any small additional area such us 
Hi at marked x. If parallel lines ore drawn on tracing-paper, the paper can 
often be turned about till lines coincide with extremities, and any small residua] 
area is thereby eliminated. 

The total length of the strips is most conveniently found with dividers. 
The lariats are first opened to coincide with points a and b as sketched in Fig. 
17 (6), then moved to the second line so that the right-hand point is at e, and the 
left {point on/e produced. The left point is secured by sticking it into the paper, 
und the dividers are then opened till the right point is at- /. The process con¬ 
tinues, using the dividers ss an adding instrument, and finally tlie total length 
is measured against the scale line. This tends lo minimize accumulation of 
small errors which would result from measuring each strip separately with a 
ruler or scale, and adding the lengths together. 

'I he easiest method of all to find areas in with a special instrument called a 
pin mine ter, which does the job mechanically. 



CHAPTER FIVE 

THE PRISMATIC COMPASS 

Tub origin of the compass? is unknown, but it seems to have been in use in tho 
Far East In very early times and in its mo«l primitive form, that of a needle 
magnetized with lodes tone and floating on a piece of wood or cork in water. It 
was probably in use in Europe in the thirteenth century, and is thought to have 
been a principal instrument in making the Gough tnap of Britain in the early 
fourteenth century. It is also thought to have been used by Saxton in the 
sixteenth century, and was certainly used by Roy when making his map of 
Scotland in the eighteenth century. It is useful to-day especially for making 
rapid sketch-maps of extensive areas, and is used ui exploratory surveys. 

1. The iKSTRCJiE’rT and its Responses 
The prismatic compass, ns seen in Plate V. is a lout the site of a largo pocket 
watch, it consists essentially of three pat la. There is a email bar magnet which 
swings on a central pivot, and which swings with it n circular card graduated 
in degrees from 0 to 3U0 in a clockwise direction, that is, increasing from north 
through cast, south, and west back to north again. Next there Ls a sight, 
consisting of o slot on one side and a vertical hair-line or wire diametrically 
opposite, usually fixed in a hinged glass lid. Thirdly, there is a prism built 
Into the slot sight, which enables numbers on the dial immediately below the 
prism to 1* read when the eve is looking through the slot. 

To take a bearing, tike sights are first raised as In tlw figure and the card 
set free to swing. A finger is then threaded through the compass ring and the 
compass raised to the eve. The free hand steadies the compass and operates 
the brake plunger to check excessive card awing. Practice enables tho observer 
to see comfortably and dearly at the same time the object on which he is taking 
a bearing, the hair-line sight'superimposed cm it, and the reading on the com¬ 
pass card, which shows the number of degrees by which the bearing differs 
from magnetic north, measured in a clotkwiie direction. 

The force to which the compass is always responding is the earth’s magnetic 
field, and this boa an axis other thau that of rota lion, Consequently magnetic 
north is not tho flame as true north. Further, magnetic- north varies over a 
period of years, so that the angle between true and magnetic north, called the 
magnetic' variation or angle of declination, is constantly increasing or d imin i s h¬ 
ing official maps normally mark magnetic north with date and the annual 
change at that period. There is also a daily variation, but this b too small to 
w orry the compass skotehcr, The compass also responds to magnetic elements 
in the earth’s crust, and there are very unevenly distributed. In parts of South 
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Africa magnetic rooks occur in sufficient quantity to fonder the com pass almost 
useless. 

Xot all magnetic elements are within tba earth. Sted-rimmed glasses, despite 
geid ram null age, rucksack frame, bicycle, form tain-pen dip, or the dog's metal 
lend, all these disturb the compass when they come in dose prosimifcv to it. 

2 . Isms i. Practice 

Three cricket stumps stuck up in a field, as in Fig, 18 , might form the basis 
of a first exercise once the fed of the instrument is obtained. From jj take a 



Fin, 18 . 


Flo. 19. 




reading on B, in 11)is case 10°. Sketch this direction on n piece of fwjxjr with 
angular measure recorded, tlten measure or pace the distance to if. and from 
there take a reading on C, here 120*. Paco to C and then take a raiding on 
.d. here 225 11 . After measuring CA draw the triangle to scale, working carc- 
fidly with ruler and protractor. If the triangle doses, work is satisfactory. 
If the triangle does not close, go over the work again. This time introduce 
checks. For instance, if the forward bearing of If from J is UP, when at B 
take a fcicf L UsntiQ on A and see whether this reads 100®, as it should. If not. 
consider whether some magnetie object is creating & disturbance. Or again’ 
when at, A, take a rending on It and then ou C\ The tiifference simuld give the 
angle It AC . When the three internal angles are measured in tliis waj- they 
siiouid add up to 180°. If they do, and still something in wrong when the 
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drawing is made, uheok lhe measurement of aides, A method to deal with 
unavoidable inaccuracy ts described in pectiofi 4. 

3. The Compass Teaveuse 

Having attained facility in handling the compass and plotting bearings, 
it La a simple matter to make a compass traverse* Suppose we are in the district 


o_ m _ m yds. 


FiO. 2D* Sketch-map shewing i^-uto to bo t raYcrrad widi eompvw. 


shown in Fig. 20* at the point munljered L A bearing can be taken along the 
road as far a* the bend marked 2. Assume that magnetic north is parallel to 
the side edges of the plan. The compass bearing of point 2 from 1 is then S(P # 
and the distance* which can be taken by paces, revolutions of a wheel* or by 
tape ls 415 yards. At point 2 it is possible to see as far as point 3* the compass 
bearing being 25* ood ike distance 1.230 yarils. In this way tho bearing and 
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length of each leg can be noted and Inter drawn to scale. The date of the 
traverse should be recorded and a line inserted to allow magnetic north. It is 
aiilvbitble to draw the traverse without undue delay, for h is often helpful to 
have a dear mental picture of the mute. 

It ja at once obvious that there Ls no need to 
confine attention simply to the road. The bearing 
of other objects of interest can be recorded, with 
tins reservatkm, that if thdr precise positions 
are to be fixed in the sketch, bearings must be 
taken on each from at least two places en route* 
Raya can then be drawn and the points where 
they intersect fix the positions of the objection 
the sketch, without so much as a visit. 

Now 1st us go over the route again. At point ~2 
a good view ia obtained of Dickhampton Church 
spire. The bearing is 352°, that b T it la almost 
due north. At the fence which meets Ihe road 
< _ between 5 and 6 P another good view is obtained, 

t " £ | and another bearing taken, this time 29 S* + When 

the route lias been drawm to scale, these two 
tourings are set out from the appropriate points 
on the traverse and so the position of the church 
is feed. Some discretion is necessary in choosing 
points from which to take beaiinga. If they are 
too close together, the result w ill i*? a very acute 
n ei tile, with an indefinite intersection point of 
rays, A very obtuse angle is equally vague. Tho 
best rays are those that intersect at angles from 
about 00* to 120\ 

yj Provided that a clear system of recording 

\ bearings and distances is adopted, there Is no 

^ ^ need to go over a route more titan once. In some 

>]jaJ circumstances it ia impossible. A conventional 

method of entry, w idth it is derirabla to arquire, 
is shown in Fig, 2L Resemblance to the chain- 
survey field entries will be noted. He member that 
one does not have the rrmp f only the compos*, the 
huidscapo* |>cndl t paper, and memory. Station 
No. 1 is entered at the bottom of the last page 
in the central or chain column* and the bearing 
immediately recorded. The distance to station 2 ia 
■chain column and double cross-lines dose the 
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information a tout the first leg. At station 2 n forward bearing fa taken on 
status 3 and recorded in the chain column. Before muring forward, a touring 
is taken on the church which appears In the left foreground, Consequently this 
hearing fa recorded on the left-hand side of the chain column, in the left offset 
column, and a fj.Tclm.nd line ia sketched indicating the approximate direction 
us ^een when looking towards station 3, Along this line the word Church is 
written. At 21)0 yards from station 2 the bearing oft he foot-path on either side 
of the road is recorded, and at G&5 yards from station 2 the hearings of t he fence 
and sheep-fold are recorded, appropriately in the right offset column. At 1,230 
yards from station 2 the leg m complete and double lines dose the record. The 
stune process is continued for successive legs, as shown in Fig. £L 

Attention might be drawn to one or two points. Dotted linos with numbers 
in the chain column indicate points at which intermediate offset bearings are 
taken. Distance* recorded arc always those from the previous traverse station, 
and not from intermediate stopping-points. Direction of freehand offset lines 
is the approximate direction in relation to the direction of the kg which is 
being traversed* The distance ajMirt of entries in the chain column is not to 
scale, but dejiends solely on the unotrnt of w riting space required. 

Occasionally only one bearing may he taken H say, on a nearby bam, anti the 
distance to the ham along the beating measured and recorded. A small sketch- 
plan of the bam with measurement inserted would then appear in the appro¬ 
priate offset column, ready for incoiporation in the traverse plan. 

Over it limited area magnetic north can be regarded as a constant direction 
and represented by a series of parallel lines through stations* It is on this 
principle that the compass traverse rests, Consequently, it is very convenient 
w hen drawing the traverse from the field note book to have a series of parallel 
lines or acre lines on tho drawing-paper to represent magnetic north. The 
protractor is then easily alined by these. If the traverse is drawn on tracing' 
paper, squared or lined paper can be pinned beneath to serve the same purpose. 

Useful practice can be obtained by entering in field note-book form a sup¬ 
posed traverse made up from a map as from A through B t £ 7 , Ac., to A again 
<m Fig. SO* Relevant offset bearings should be included. Directions can to 
extended by lines so that angles am measurable with protractor. The note¬ 
book entries can then be reconstructed in traverse form on tracing-paper, and 
by hiving this on the original map, diversions and errors are observable. 

Exploratory compos# xurmg differs from that described, in scale rather than in 
method. Bearings may to taken on the most distant recognizable objects in 
the lino of march. Distance is recorded by ft wheel fitted with a counting 
mechanism and called a perambuInter, one pattern of which is seen in Fig* 19. 
A bicycle with a cyclometer attachment would do almost as well over certain 
types of country, and would prove more useful than the perambulator m getting 
back to tea. 
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In TOfch work lieai-mp ore token *n fnufe anil tike character of the 

ground recorded. In a traverse across Fig, 20 the change from common 
land to cndosed pasture or plough Jam! would be Lite subject of appropriate 
entry. 

The compass h sometimes fitted on a tripod in an attempt to obtain more 
accurate readings. Even in the most favourable drcumstaiu'ca* however, errors 
accumulate and an occasional careful check on latitude and longitude are 
desrmbJo, together with determination of true north. The necessary operations 
arc described in connexion with theodolite work* It must be remembered that 
magnetic north differs m different places, and evert at the Mlttft place at 

different times, 

Summarizing, a compass traverse is extremely 
useful to provide a record in prospecting, ex¬ 
ploration, or retro rmaiasauco. It may help to 
till in detail following a theodolite triangulation. 
But traverses can never be pieced together 
really satisfactorily to produce a map. This can 
only he built upon a framework of triangles 
accurately determined with the theodolite, or 
less accurately but more quickly with the pris¬ 
matic compass itself. 

4. DlSTRmTTTTON OF TttAVEBSfc ERROR 
Sometimes a traverse is made between points 
whose distance apart and bearing ace marked 
on a reliable map. or between trigonometrical 
stations determined in a theodolite triougula- 
tion- On drawing the traverse, it may be that 
the ends do not coincide wit h the known portions. If the difference is not 
serious, the error may lie distributed between the tegs as shown in Tig, 22 [u), 
A BCD represents the traverse drawn from the field note book. Now suppose 
it h known that B ought to finish at D\ A lino from B to D f represents the 
total error. Draw lines parallel to DU T throngh B and C . To share the error 
i*etvveen the three Jegs^ move stations along the parallel lines, B one-third of 
the whole error to B* t C two-thinls to C\ and D three-thirds to B\ 

A refinement of the method which m calculated to give a better distribution 
is as follows. Each point is mov^l an amount which boors the same ratio to tho 
total error as the back portion of the traverse Ijears to the whole traverse. 
Thus since in lh& figure AB is two-fifths of ABCB ; B is moved two-fifths of 
BD\ C is moved three-Gfl-ha of DB\ because ABC is Lhree-fiftiis of ABCIK 
The method is equally applicable to a closed traverse which refuses to close 
when drawn from iudd-hook details, such aa ABODE in Fig. 22 (i>J B 



FlO, 22. '■Iliad of distributing 
error in a traverso, {a) Open 
{h} Closed tr&VBTw, 
The urrur shown in thu figure in 
unduly gtw&t. 
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5. Dim?ass Srarca-MA?s 

A very useful sketch-map of on area mu be made simply with prismatic 
Compaq fc a protmctpr ami ruler, or a protractor of service pattern, which js 
in effect a ruler with a scale of degrees marked upon it, a piece of smixith bonrd, 
paper with zero Lines to represent magnetic north, a sharp hard pencil, and a 
rubber. 

There m little need to give an elaborate account of the procedure Bin 00 
it differs very little from that vised in making a compass traverse. Instead, 
however, of making a route the ba&is of the sketch, stations whose positions 
have been determined from the ends of a single base-line are in turn occupied 
and used to tin the positions of new points. The whole area is thus covered by 
a paries of triangles forming a rigid framework. 

In order to make explanation as plain as possible, let us examine procedure 
in respect of the area shown in Fig, 20, although this hardly exploits the iJossibifi- 
ties of the method. 

The firet slop is to select a base-line, preferably one that is fairly level, easy 
to measure, and with intcrvisiblo ends which command a view of prominent 
feature* on the surrounding landscape. If the base line is somewhere near the 
centre of the area., so much the better. Suppose that the Leg between number? 
4 and 6 on Fig. 20 offers nil these advantages. Occupy point 4 and from it take 
a bearing on point 5, Put a dot in a suitable part of the pai^er to represent 
point 4, and draw a ray in the compass-bearing direction of point 5, using the 
aero lines on the paper to represent magnetic north. Then note two prominent 
points, one on either side of the base, and about the same distance from point 
4 as the base is long. Take bearings on these and draw the rays, labelling each. 
In this example the sheep-fold might be taken as one, and the south-west comer 
of the field in front ofEange View House ua the other. Next proceed to point G* 
carefully measuring the base m route. Mark point 5 on the sketch at a jsuib 
ttble scale distance from fioint 4. From point 5 take bearings on the sheep-fold 
and the field coraern The intersection of ray* fixes their poriUon in the sketch. 
These two ruling-point* should then be occupied in turn and bearings taken 
from them to such prominent features as Range View House and the Mitre 
Oak beside Wye Bourne. The procedure continues till tlio whole area is covered 
by a system of triangles t drawn on the paper in the field. There arc no entries 
like those made for a traverse or chain survey. 

Measurement of the base-line is the only linear measurement made, as all other 
points are lixed by interaction of rays, determined by angular measurement:-, 
Consequently, if on error is mado in that part of the work, all distances will be 
affected, but not the relative positions of points. In other words, the scale of 
the plan wifi be wrong* but no other fault will result. 

It will be appreciated that more than two bearings can bo taken from each 
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ruling-point if convenient. For instance, when at tho field corner and the 
sheep-fold, bearings might lie taken nut only on points to the coat, but also 
on Diekkamjitoii Church and on the signpost,, if any, at the intersection of 
the road ami the footpath across Walker Common. If rays are lightly drawn 



Fra. S3. Reflection with corfipftesi te fix ob^rv-itiion 'p^rnt. 

The obeervatkn-point lk tftutksn 3 m Fig. SO, where the 
church h &hoop f&M» mid house art? shown, 

and neat]} 1 labelled, there is little to fear Irani confusion, Ilie usual care should 
be Liken to see that triangles are well eondition&d 7 the mure nfrirly equilateral 
the better. 

It-should be kept hi mind that at least a number nf the niUug-puiuts liave to 
be occupied to extend the trianguhtion. Ir h far easier to take a bearing on 
the chimney of a house than to climb the chimney to take new bearings. The 
sites of factories can rarelj* be occupied, and buildings hloek the view in one 
tliregtiGtt at least. Borne prominent features, suds as electric pylons, statues, 
imd bridges with giiriera are unsuitable because of their magnetic reaction* 
and there is of course always the possibility of ^listurbimcc through mngnoMa 
rocks, or concealed water mains. When trouble is suspected it can often b o 
revealed by taking a hearing on some distant point* then walking directly 
towards the point, and taking the bearing again. The two should read the 
same. Back bearings likewise help to detect local disturbances, 

Kulitqppoints and the position of other objects fixed by intersection are not 
likely to provide enough detail to enable a sketch to bo completed with roads, 
fences, streams, farms, and bridges. The position of other important but in- 
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conspicuous must tie determined, moist conveniently by resection. This 

consists in occupying UiC point whose position it is desired to determine, aiid 
from it taking bearings h|khi two or mom other points already market] in 
the sketch- Sack rays ate then drawn through the known points, and their 
intersection lists Lhe observer's position. 

Suppose, for example, that it is desirable to fix the position in the sketch of 
the road junction marked 3 in Fig. Bearings ate taken in turn upon Range 
View House, Dickbampton Church, and the sheep-fold. The compass bearing 
of the house reads 41*, as shown in Fig. 23. The back bearing from the house 
to O.P., the observation-point, would therefore bo I&0° plus 41*. .Similarly the 
forward bearing on the church reads t«Q c plus 140*, and the back bearing 
would be U6*. The intersection of these back hearings whoa drawn on the 
sketch indicates the position of the observer. But error is likely to creep in 
unless resected positions are confirmed by at least a third book bearing from 
some other fixed point. Hence a back ray from Iho shoep-fold is similarly 
drawn to cheek the position. 

No confusion need arise nor rale be memorized if In plott ing back bearings 
it is noted that the ray is u transverse line cutting parallel zero lines, so that 
interior opposite angles are equal. Alternatively the sketch can l>e roughly 
alined in the field mid the direction checked. With etperienoo it will be found 
possible to fix much detail os triangulation proceed#- It might be noted that 
by the process of resection, error is not cumulative, positions being determined 
from ruling-points fixed in triangulation. 

Once the position of enough well-distributed detail has been determined, 
the map can be completed by freehand sketching with the surrounding country 
a# guide. On occasion it may bo deemed desirable to run a traverse across the 
district, for instance, to enable a road to lie sketched in. Such a traverse should 
begin and end on tiding-points so that correction can I*s applied. 

It is highly desirable that apart frmu inking in. all compass sketch-maps 
should lx> completed in the field. Unwanted lines, including rays, and even 
ruling-points that do not merit a place in the final sketch, are rubbed out, 
though their position might well be indicated by a dot in a circle. The dale, 
scale, and magnetic north should he shown. 



CHAPTER SIX 

PLANE-TABLE SURVEY 


Tnx plane-table, possibly known since Konrnij times, may be aged to survey as 
extensive an area as the girismatic compass, and tho resultant work ia far more 
accurate, it has been widely need in various eountried for original surveys on 
scales of S or 3 inches to the mile, but it id not the proper instrument for large- 
scale vrtaky and that may account for the fact that it has never been widely 
user] in Britain, 

In the present chapter some account w ill be given of the equipment used in 
plana-tabling, of plane-table sketching as it may be practised to pick up the 
basic principles, and finally a brief indication of methods employed in plane- 
table survey in the British Em pire as eoiitrasled with methods In America and 
various other countries, 

I s EGUrPMEXT 

Tlte equipment necessary for a plane-table survey consists of the table 
itself* a spirit-level, sight nib, chain or measuring tape, pajier imd pins* a 
hard pencil, and a rubber, Tq cut the iatter into many pieces and to put at 
least one piece in each pocket is an indication of cunning rather than of good 
practice. A box compass is usually regarded as port of the outfit, and t pair 
of field-glasses are sometimes useful for recognition of distant objects. 

The piano-table shown in Plate V, facing this page, consists of a flat board 
about 2 feet square, mounted on a tripod in such a way that the hoard can 
be levelled, twisted round T or clamped iu any position. The table must be rigid 
when set up on either sloping nr tbit ground. Metal parts must not be of iron or 
steel or they affect the compass* The spirit-level is simply to assist iu levelling 
the table top when setting up. 

The right rule is variously called a right vane or an alidade. In its simplest 
form shown in Plate V it is a boxwood ruler with raised sights, a dot at ono 
end and a hair-line at the other, giving a sight line parallel to tho edge of the 
ruler. More elaborate patterns have a bar attached to the straight edge* enabling 
linea to be drawn parallel to the edge and at various distance a from it. For 
the most accurate work ao attached telescope takes the place of open rights* 
os in Plate V. 

For plane-table sketching a chain or tape is necessary to measure tho base dine 
as in the compass survey. Any inaccuracy in biLse measurement is reflected only 
in the scale of the tnup ± but it is desirable that no avoidable error should be 
inirodumL AH work h transferred directly from the landscape to the paper by 
direction. 
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Changes In l he am omit of moisture in tho atmosphere cause paper to shrink 
mid expand, and errors are thereby introduced which are greater than errors 
inherent in tire method. It is therefore desirable to mount the paper m Atich 
a way as to minimize changes, The fo]lowing process may be tried, A piece 
of linen or calico rat her larger than t he table top is soaktid in water for a quarter 
of an hour and then stretched evenly over tho board. Edges are parted and 
pinned underneath, A neater job results if the overlap at the comers is cut 
away. Tho drawing-paper, w hich should bo of good quality, is then moistened 
with water on both Hides and stuck to the linen with cornflour paste. Overlap 
Is smoothed out aud pinned under the tabic as with the linen. On drying, the 
paper should be smooth and taut. IL must be remembered that if sheets are 
tom or damaged, l here is no held-hook record to fall luijk un. 

Some paper m obtainable already backed by mad in or liners, and this can be 
seasoned by exposing it alternately to damp and dry atmospheres for about 
a week, Irs mounting this fwiper only the aides need be damped before pinning. 
Drawing-pins on top of the hoard obstruct free movement of the sight rule. 
Social frume tables have been designed which carry an idiiuiinjiim-sheet top. 
Over this is pitted first linen and then paper, secured at tho edges and strained 
by springs, A fresh aluminium sheet la necessary' each time, but the record is 
more permanent. In Alaska, where climatic conditions are very unfavourable 
to the use of paper, celluloid sheet* have boon triad. 

The box compass, known also as a trough compass or dcc-llnaLoire, consists 
of a compass needle about 5 inches long housed in a ft mul] box T as shown in 
Plate V, The needle is pivoted in the centre, so lias only a small swing to right 
or left. At each end of the box is a short arc scale, graduated m that a Jhie 
joining the central nr aero murks Is paruHri to the long edges of the box, Tima, 
when the box is turned until the needle cornea to real at the zero marks, the 
long edge* of the 1 k>x arc parallel to the needle and therefore in a due magnetic 
north-Lo-stoiith direction. These edges con be used m u ruler to draw magnetic 
north-south lines upon the plane-table sheet* Once these Uncs have been drawn, 
the table can be set up elsewhere and oriented, magnetic interference excepted, 
by placing tho edges of tho trough along the lines and turning tho table top 
till the needle points to the zero marks on the scale. The north end of the needle 
is usually marked, and this enables a lieginner to avoid attempting to got tho 
needle to swing freely w hen the compass is the w rong way round, 

2, Fh or Plaeb-tabu Sketcui^q 
For various reason* detailed description of how to use the plane-table ia 
railicr long and tedious, though in practice the work is comparatively simple 
anti by no mean* slow, A general idea of basio printiplea is given in tills section, 
by reference to the area shown in Fig, 20, already umd as the basis of explanation 
of compass sketching. 
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Sup (Jose that in Fi^. 20 points 5 and fl are intervisihle and otter good views to 
surrounding features, and that the stretch of road between Them is fairly level, 
dmpllfyttig determination of length. This piece of road is then .suitable to act 
as base in making the plane-table sketch. The table is first set up at point 5, 
and the top kveiled. The box compass is placed on one side of the table and 
the top slowly rotated till the com puss needle comes to rest at Hie zero marks 
of the scale. The table top is then damned in that position. Lines drawn along 
the edges of the bos indicate magnetic north. The north end ahauM be marked 
to distinguish it from the south. If it- is considered desirable to follow a 
common convention and get north at the top, the box: is placed with its edge® 
parallel to one edge of the table before rotating, so that the magnetic north line 
is paratte! to the edgo of the paper. Once the table top lias boon clamped, a 
dot is placed in a suitable part of the paper to represent point ?k The sight 
rule is then placed with its edgo on tho dot, and twisted round illl point ti is 
seen through the sights. A pencil line is then draw n in t ho direction of point 
G along the edge of the sight, rule from the dot representing point 5, 

Some difficulty may be experienced at fir&t in moving ono end of the sight 
rule without shifting its portion away from the dot. Many surveyors place 
the tmaharpened end of the pencil on the paper egaicat the dot and use ibis 
m a fulcrum or pivot to swivel the ruler into line. Some use the finger-nail 
ant! others a pin, though the latter may damage the paper. When drawing 
the ray, the pencil point should be placed in the dot and core taken not to 
alter the angle at which the pencil is hdd white completing the ray. Tho 
advantage of a parallel-bar attachment id now £ten t because so long m the sight 
rule is alined in the vicinity of the dot, the bar can be moved till it occupies a 
convenient drawing position touching the dot. 

Rays are next drawn by the same process from point 5 tow ards all outstand¬ 
ing pointy which may serve as subsequent mfing-paiirtB, as in the prismatic 
compass survey. Each ray is suitably lulielled for subsequent recognition. 

The table is then moved to point ti and the distance between points 5 and G 
on the ground carefully measured. This distance Li marked off to scale along the 
ray which was drawn first. The end mark represents point G. Scutes* from 2 
indies to j-ineb to the mile are common, white a hose'line bmile to 1 mile is 
m long as can be measured eunveniently. In organized plane-tabling, when 
base stations follow from theodolite tmiiguktion, there is no need for pre¬ 
liminary measurement as in this case. 

The problem is now to orient the table over point 6 on the ground, with 
magnet in north in the same direction before. There ore two way$ to do this. 
The box compass can t*e placed in it& original position on the table, the top 
undamped and rotated till the needle comes to rest at the zero marks, and tho 
top again clamped. The other way is to place the sight rule along the ray 
representing the bore-line and slow ly rotate tho table top until point 5 on tho 
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ground appears in tho sights. The top is then clamped. From what ha? already 
been said it will in? appreciated that the latter method is more accurate, Raya 
are then drawn from [>oint B to ruling'points previously sighted from point 5. 
Intersection of rays will determine the ixurition of each oil die plan. 

Tho usual precaution should Iw taken to see that triangles are well rondi- 
tioned, especially those fixing the position of sites to be oceupied for extension 
oft.be triangulatioD, There Li no need to draw a continuous ray from the station 
occupied to the edge of the |Mi]icr. Practice will enable "the appradmifra 
jxisitioii of a ruling-point to !>o estimated, and only a portion of tho ravin that 
neighbourhood need bo drawn, provided it is clearly labelled. .Sometimes it 
tecomea necessary to extend a ray or place the straight edge accurately gjtmg 
8 previously drawn my, an, for instance, in orienting the table by a back sight 
along the base-line. This may i* difficult if only a short, length of ray lias L*et, 
drawn. Consequently, whenever such may become necessary, it is advisable 
to draw a small extension line at the edge of the iiaper, and to on me it, Such 
extensions are called repere marks. They are some!tines usefully accompanied 
by a sketch of the object sighted, to aid recognition when taking sights from 
new ruling-points. 


Procedure * s identical 'with that for pri^mutic compass mjrwv anti 

the initial object the same, namely, to cover the whole urea with a network 
of triangles which give a framework upon which detail is hung. Ruling-points 
fixed by well-conditioned triangles are in turn occupied, the table oriented, 
and ray* drawn towards new joints whose positions will inter lie fixed by 
intersection of rays from other determined points. 

I he first ruling-points to l*a occupied away from tho ends of the base will 
be fixed by interne. lion of two ray* only, but after that the position of no point 
hImhiH bo considered adequately determined unless a third ray intersects at 
the same point.. For example, if Fig. 20 in tho shocp-folJ is occupied as the 
lirat mliiig ]H>int away from the base, tho position of the Mitre Oak should be 
determined by intersection of rays from the sheep-fold and both ends of t ho base. 

The tabic is oriented at each new station by sighting back lu anot her station 
wliose position bos already been determined. It is good practice of mut® to 
check hy placing the sight rule along other rays to see whether the appro¬ 
priate ruling-points can bo seen in the sight*. Thus, when setting up at the 
Mitre Oak in Fig, 20 by a back-sight on the sheep-fold, tho ruler might also 
be placed along the ray from the oak to point 5 anil a check taken to see w hether 
point 5 in tho field appears in the sight os it should. The portion of prominent 
objects, no less than of ruling-points, can be determined by intersection, all to 
assist in completion of the work by sketching detail a bent points so dn ter mined. 

At times it may be difficult to set the table exactly over a ruling-point, for 
exam [tie, if this is a tree or a large cairn. On a scale of 2 indite to the mile, 
to yards jU represented by little more than oue-hundredOi of an inch, so on 
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this or a smaller scab there is little to be gained by imisteneo on centring the 
table precisely over the niling-point. On the other band, if the acale is 200 
feet to the inch, then it is desirable to centre the table within a foot or so of the 
ruling-point* When such precision is essential to the accuracy of representation, 
it should be queried whether the appropriate instruments for the survey in 
band have been chosen. 

One point sometimes gives rise to unnecessary misgiving. The beginner 
notes that the line of the sights is parallel to tho edge of the ruler, mul not 
coincident with it. How far then is a line drawn along the edge of the sight 
rub really directed at the object seen in the sights ? Strictly speaking, the line 
olsights should Ik directly over the edge of the ride, and indeed it does in some 
bight rules* Suppose ti ray k drawn fro™ a dot on the paper to an object half 
ji mile away. H i Lb sight* along the centre of the ruler, the ray drawn on the 
edge, if continued, would miss the object by half the rulor's width, my, half an 
inch. The error in direction is therefore half an inch in a ray half a mile long, 
an imperceptible amount, when reduced to the normal scales of planet able work. 

3. Resection axd the Triangle of Error 

The process of inUrsetti&n will only determine the position of conspicuous 
features in the plan, but will not tlx equally important but intronspkiiQus 
features. These must l>e determined by rrsertitm. The process is not quite m 
simple as with the prismatic compass, the chief difficulty being to orient the 
table accurately, Suppose for a moment dint the positions of friramfit'a MiU t 
Range View Houec h and lie sheep-fold have been determined by intorsectiou, 
but that ike position of point 4 hag not been fixed. The table can Ijse set up at 
point 4 and oriented by trough compftoajm before and then damped, The sight 
rule may then 1>c pivoted against the point on the plan representing TSatire View- 
House, and swivelled round until the house itself appears in the sights, A back 
ra_V k drawn from tire house towards the observer's portion at point 4. If the 
map i& correctly oriented, thk my will pass precisely through f joint 4, Another 
my is drawn by alining the actual mill with its position as marked on the 
paper. The iidcreectiou Exes the position of the observer. The principle is 
obviously akin to resection by prismatic compass illustrated in Fig, 2iL Fur 
check, a back ray must be drawn through another point, snob aa the sheep To Id. 
But whereas ihree rays fixing j Hauls by intersection can nomudJy be expected 
to meet in one point, three ray a in a resection rarely do. This is lie-cause of 
inawamdea inherent in orienting the table by compass. Hence determination 
of j KOiit ioi i by resection based on compass orientation alone cannot bo regarded 
as calefactory, and ih new country the coupons is always suspect-* Errors, 
however, are not cumulative, ag each paint is fixed independently by resection 
nu fixed ruling-points 

A second method to determine position, ami the one mast used, consist* of 
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drawing back rays from t]nw points, as described above, and then eliminating 
any error caused by inaccurate orientation with trough compos. When the 
table ib inaccurately set. the three back rays intersect to form a triangle, 
commonly called the /rifiw^/r -i/*tror t as shown in Kg. 24, Tito method of solving 
t he problem takes longer to follow' in w T ords than to effect in the field, or plane- 
tabling might have beeo given up lung ago, 

A choice of joints already fixed by intersection should be ut^lc. if possible so 
that one is distant and tiro are near to the observer, For beginners mailers are 



Fin. 24. Train: t1f* pf error. Observer^ position nt point >l ia 
iviUwi th« Lriiiugio formed by points usut m resection. The 
ty'njp uf i lis L tab In top> is vastly oxaggorntod, 

simplified if tinea joining t he three joints on the ground enclose the observer's 
position, us when two are in fmnt of him and one behind. The table is oriented 
by compass, or by aliriement on the most distant point, us on the house in 
Fig, 21, 

Each rays are draw n on the plan from ail three points, by pivoting the straight 
edge on each in turn, and swivelling till the actual field station comes into 
view. Consider first the co-se shown in Fig. 24, where tho observer's position at 
point 4, marked also in Fig. 20. is inside the triangle of stations u^cd in resection 
The observer's true position on the plan h then inside the triangle of error. 
The precise position is at a vertical distance from each ray proportional to 



54 PLANE-TABLE SURVEY 

tha length of the ray. Thm it m nearest the mill ray and farthest from the 
houHC my. The pofiitiOR eus judges] by ©ye un thin bnris is marked by a dot. 
To ch^ek* the sight rule in first n lined on the plan by the newly determined 
position and the point, reprinting the most distant station used in resection. 
The table is then undamped and rotated till the station in tho field comes into 
the sights. The table is then roc lamped, and back rays drawn once more from 
the three stations; Tins time they should meet in one point* or the triangle of 
error should be much enmller and may l>e dealt with again a s before. 

If a resection has been properly carried out and the method of isolation 
carefully applied and still the triangle of error is no imirdler, error should be 
looked for elsewhere. It may be ilmt confusion has arisen tlirough failure to 
distinguish a given ruling-point in the field. New ruling-points might be 
oho**™, but it is more satisfactory to determine the cause of the trouble even if 
this means going over the ground again* Always where possible, a fourth point 
should be employed aw a check in resection. 

When tho three initial points form n triangle outride the observer** position, as 
in Fig. -5 (a), where tho position of Point t of Fig + 2Q is I wing determined by 
sighting on tho same stations as previously used, the correct posh ion on tho plan 
is outride the triangle of error. Correct orientation should result by turning the 
table slightly to the left or right. There is no harm in experimenting with this 
method* but it is slow and uncertain compared with the usual graphical method. 
Suppose that a slight turn to the right is necessary. This has the effect of mov¬ 
ing all three points on the plan to tho right, and the correct position is there¬ 
fore to the right of all Ihreo rays, right being defined m when facing the station 
in the ficldr The correct position cannot lie to the left of any of the rays* so the 
left aide of each hi m been ruled out in Fig. 25 ( b). The only possible sector is that 
without shading, marked d. Similarly, if a turn to tho loft- is necessary* the 
ft&nm reasoning e limbi ates all sector* in Fig, 25 (c) except that marked a. Tim 
precise position is again at a vertical distance from each ray proportional to 
the length of the my. In the ex^nple shown, this must lx? a point most distant 
from the house ray. This determines that the correct position of the observer 
is in section a and not in d. The estimated position is marked by we and checked 
by trial as before. 

Once familiar with the process, it will he realized that every case can bo 
covered in a single usontcnce, namely, that the observer's position is either to 
Hie right or left of all rays, at a vertical distance from each proportional to the 
length of the my r 

There y one cose in which wrong orientation falb to produce any triangle of 
error. Tin* arises when the observer's position and the three {joints used in 
resect ion ho on a circle. In such circurust-ancea, no matter how wrongly tho 
table is oriented, the three rave will always meet in a point, though different 
orientations give different meeting-point*. Thus the three points used above 
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would in* unsaituhlc iu dntp ra lining tilt' position of the Mitre Oftk in Fig- 20 
and shown as inw t / J on a smaller settle in Fig. 23, Such a dioite of points on 
tins clii n get circle should bo ussiduouijly avoided. 




Plans Table l ^ 

(enlarged) . // / 

'■-a / / / 




_jO Sheep Fold 


{ a ) ( b ) m 

Fit?, £5- T riwtegln nf fiTTDr, Ob-i rvLT^ position ftt point 2 is CHiUi.lv i hv l.rinm-In 
formud by points in nssMlkm* Tht? gizo of tho tabio top is \mQy 
Istl^ 1 D alii>^ cbso m whkh trianglo of pmjr fuila. 


At limes it may be difficult to drtnmiiw (be position of a point by more than 
two forward in intersection, or two back mya in resection. Provided that; 
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the table can Up oriented with «ome confidence that the degree of error is at 
nu*t small, Dial such rays make welt-conditioned intersection, and that the 
ruling-points arc not- far distant, then for the purpose of filling in detail such a 
position may he accepted, But mi object whose position hag been determined 
in tliis way should not subsequently be used as a ruling-point. 

One of the arts of plane-tabling, no leas than of compass sketching, is to fix 
detail as triaiigulatinn proceeds. Much time and unnecessary walking arc 
thereby saved. As enough detail is fixed, the sketch is completed by freehand 
drawing, Kesenti&l work is inked in and all imrequirod lines are rublied out. 
If it is desirable t-o keep a record of hnw the map was built up, the ink fair copy 
might be obtained by careful tracing, and lho field copy retained for inspection, 
though tlijs is rare in practice, 

4, Plane-table Travebse 

TIlo plane-fable, no less than the prismatic ctmiposg, may be used to rim a 
traverse from one juant to another, to produce a sketch of the route, to add 
details to an esinting map, or to draw in a route which cannot easily be fixed 
by resection or intersection, as in thickly wooded country. 

li a route sketch b required without relation to any existing map, the table 
is get and a point marked in some convenient part of the sheet, as the start of 
the traverse, A forward ray is drawn towards the next point to lie occupied. 
The distance is measured on the ground and marked to scale along the ray. 
The table is then set uji over the second station, levelled, and oriented by 
I'hu ing the ruler along the ray and turning the table till the starting-point 
appears in the sight. After damping, a ray is then drawn towards the next 
station, its distance measured and marked to scale, and so the job proceeds. 
Detail to left and right is fixed by intersecting rays drawn when at traverse 
stations, tt is not essential to invoke the aid of the trough com puss, though 
there is something to |*> said for using it. os n cheek, because if a single error 
is made in setting by back ray, the whole of the subsequent traverse is slewed 
reuml, whereas error in compass setting has no cumulative effect. The compass 
should be used to draw magnetic north on the traverse. 

If the traverse is done m connexion with the mapping of on area and cnii- 
fipictimiB ]taints are already marked on the sheet, the initial orientation can be 
determined by nno of the ways previously described, and at each station 
orientation can lw checked by sighting fixed stations in addition to the back 
one m the traverse. In such circumstances, however, determination by rc- 
wetion rather than by traverse would normally be employed. 

5. Organized Plane-tabling 

'Hie plane-table is used in topographical surveying, usually on a scale of 3 
inches or loss to the mile, to fill in detail after an accurate triangulation has 
tjoon made with a theodolite. The triijmmaetrical pot tils or stations determined 
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by theodolite are accurately plotted on the plane table sheet, and each is 
marked with a dot. surrounded by a triangle. Each corresponds to 11 station 
dearly marked in the field, as by specially built beacons, church spires. chimneys, 
or flag-poles securely tied to trees. A written description of each aids identifi¬ 
cation. These trigonometrical stations should lx* both frequent enough and 
well enough distributed to enable detail lo be fixed accurately. 

In organized work the plane-table sheet covers an area of so many minutes 
of latitude and longitude. Outside the marginal lines trig points are plotted 
as far an the edge of the plane-table. 

In the British Empire the largest plane-table scale is usually the l-inch. 
Many trig points are provided, arid all topographical detail relevant to the 
particular survey is fixed graphically. Distant [Kants are fixed by intersection 
and the surveyor'a own position by resection. Each plane-tubier usually works 
separately. When sat isfied of his own position, rays are drawn to all points 
likely to be of value in controlling further work, and map detail of the nearby 
country is drawn in. To assist in this the surveyor has points fixed by inter¬ 
section, and may supplement these by noting the direction of other detail, 
measuring the distance to it, and then sealing the distance along the appra- 
printo ray. Training enables a man to estimate 200 yards within an error of 
0 yards by pacing, and this is negligible in plotting on the 1-inch scale. Con¬ 
touring is carried out at the same time usually with the Indian pattern clinometer 
ofi the map detail is drawn in, hut consideration of this part of the work is 
deferred to a later chapter. The pencil work of each day, covering about n 
square inch of paper, is inked in each evening. The sheet ia finally cheeked by 
visiting some high viewpoint and taking rays at random throughout the area. 

The normal practice in various other countries is to have fewer trig stations 
determined by theodolite, and stales around 1: 20,000 are commonly employer!, 
The lone plane-(abler is replaced by a team of at least four. This is necessary 
because positions are not only fixed by intersection and resection, but much is 
determined instrumentally. A telescopic alidade is need, fitted with vertical 
arc and level for measuring vertical angles. The diaphragm has engraved ujttm 
it one vertical and three horizontal lines. A wooden rod about 10 feet long aud 
4 inches wide Is graduated so that the upper and lower marks correspond in 
position to those on the alidade diaphragm when the rod is viewed through 
the alidade at a convenient, horizontal distance, say. of 10(1 metres, if the 
whole of the graduated stadia nxl is seen to bo intercepted between the upper 
and lower horizontal lines of the diaphragm at 100 metres, half of it will be 
seen to be intercepted nt 60 metres, and other lengths proportionately. Thus bv 
having one man to carry, set up, and guard the table, and two rodmnen to 
occupy salient points of detail, the topographer can fix and draw in his detail 
and oontoum fairly rapidly. Tin- latter aspect of the work is dealt with more 
especially in Chapters IX and X. 



CHAPTER SEVEN 


AIR-PHOTO SURVEY 

Tjie proverbial bltdVeye view of tancliic&pe is now a eommon^&pe to many 
|tcop!o t and those who hitherto regarded a map with audition pour with interest 
ever an aerial photograph* If the camera has been held vertically above the 
landscape, thereby obtaining a vertical photograph, objects are not always easy 
to recognize j hut if the camera has been tilted, recognition is not so difficult. 
Tlii* ty |)0 of photograph is termed an oblique. 

1. DEVELOFME^rr of Photo Sueveytxo 

It was early apparent to surveyors that both vertical and oblique photo¬ 
graphs could of assistance in surveying, though verticals were little more 
than an idea until the aeroplane was developed* The photographs lirat used, 
about a century ago, were ordinary ground photographs taken with the camera 
mounted horizontally on a tripod at point a whose positions and heights hud 
been established by normal ground survey. Knowing the focal length of the 
camera, anil cither the direction in which it pointed or the precise position of 
recognizable objects appearing in the photo, it was possible to plot additional 
data from the photograph to tho map. 

Most use w*& made of these ground photographs In difficult country mdi as 
the Rockies and Alps, and indeed they are still used in very inaccessible country 
for large-scale surveys. 

The next stage in photograminotry or photo measurement came about the 
beginning of tho present century, when pairs of photographs taken soma 
distance apart but in parallel direction were studied riereoscopieally. By this 
arrangement, Familiar to nearly every one, tho pair of twO'dimemional photo¬ 
graphs come to life as a single thtee-dimcngionnl model, aiding recognition of 
objects, distances, and relative heights. Instruments were perfected which 
enabled vertical and horizontal measurements to be made on these apparent ly 
three-dimensional models. In some cases they even incorporated a plotting 
mechanism which records those measurements in the form of map detail or 
contours. 

That this plotting is at all possible may bn appreciated by regarding camera 
fitat jora as setting-up points of tho plane-table, intersecting rays from the two 
known positions determining new positions A pair of movable optical marks 
brough t to coincide at any point of the landscape take the place of the plane- 
table visible rays, Lhe necessary movement of the marks motivating a plotting 
arm. Similarly, contours are plotted when the coincident optical marks are 
made to move in a horizontal plane while apparently in contact w ith t he surface 
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of the stereo mniiol, the necessary movements being recorded nice harden II v 
in plun. 

Aerial photography wan taken up in earnest during the 1 HI ■!-)8 war. though 
at. first cameras were simply held in the hand and photographs token ovur the 
side. These enabled new detail to be added to eiistitip inajis. Hushes which 
appeared overnight were suspect. Even with improved cameras and photo- 
graphing arrangemerits, the problems of aerial surveying were obvious, namely, 
the difficulty of ascertaining the exact height ami position of the craft at the 
time of exposure, and of dealing with Inevitable tilt. 

The stereoscope onco more provided a line of development. Phatogroplis 
were taken so that consecutive exposures possessed an overlap of about rH> per 
cent. The two points of view essential to stoneostopic inspection were provided 



Flu. 20 j Tlp.tni? taking vertical phatogmplu to givn et^rooaodfiio overlaps 


through the movement of the plane, while the pairs of photographs were pro¬ 
vided by the common overlap, vis shown in Fig. 2d, A third photograph would 
make use of the forward portion of the second photograph, and rso on. The 
old ground photo (stereoscopic [(loiters wen* gradually adapted to automatic 
plotting from the vertical photographs. 

2, Scope and Limitations or Aik-i-hoto Sub ve vino 
A truly vertical photograph of level ground taken from a known height gives 
a true perspective picture of the ground, but such ideal rondi turns never obtain. 
The old problems still have to he reckoned with, namely, distortions due to 
variations of ground level, uncertainty of scale due to inner tain height of air- 
craft, changes of aircraft height from one photograph to the next, and random 
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tilta through Tvliioh the photographs are neither true verticals nor uniformly 
tilted. Automatic pilots now help to reduce fiyeng defects to a minimum. 

Points fixed by ground survey* both in position and altitude, and known as 
ground control points, are essential to the preparation of accurate plans from 
the photographs As expressed by one who has done much to develop air¬ 
photo survey, the air photo can replace the clinometer* the plane-table, and, to 
a large extent, the chain, hut it cannot m yet replace the spirit-level and the 
theodolite* Ground control points assist in correcting for tilt, plotting to scale, 
contour determination, and the insertion of fresh control points by daljorate 
pk>fcting-madihiea, which in lum enable detail plotting to he carried out with 
a mi pier instrument* and more personnel. Plotting from individual photo- 
graphs is rather like independent chaining or plane-tabling. A tolerably good 
plan can be made of a limited area, hut a number of such plana will not fit to 
make a map. Inaccuracies appear at the edge*, as may he seen in photo- 
mosaics. If ground control is of geodetic order, so much the better. The 
elaborate plott.ing-machinc will fix further control, and so the process moves 
from the whole to the part, and from point fixation to detail sketching. 

Probably the outstanding feature of air-photo survey as compared with the 
traditional methods already described is speed. Tills is especially valuable in 
virtually unsurveyed lands where economic development is likely to outpace 
ground survey. It is also of importance in regions like the Laurenlioti Shield, 
where distances are long and the field season short, for enough ground can be 
photographed in a few days to keep plotters busy the rest of the year. 

Even in a highly developed and fully surveyed country like Britain, large' 
scale plans adjacent to centres of population ore constantly becoming out of date, 
and aerial photography cun he used as a means of rapid revision of the fi-mch and 
35-inch plans. It haa been established that with photographs of the best quality, 
accuracy is sufficient, and that there is a substantial saving of time and money* 

The air photo also records a vast amount of detail of value in a survey of 
vegetation, soils, agriculture, archaeology, and geology. After training, a 
forestry officer is able to make a fair estimate of forest typea and tree heights: the 
geologist the prapeefa of successful mining operations. Consequently it is not 
only topographical mapping which benefit* and makes more rapid progress, but 
economic development can pushed forward with more speed and certainty. 

At Ibfl outbreak of war in 1939 Canada had a library of over three-quarters 
of a million photography msed by the Topographical Survey, Geodetic Survey; 
Hydrographic Surrey, Dominion Water Power and Reclamation Bureau, and 
the Forestry Department:, and they were also available to the public In the 
United States a mill ion and a half square miles had been photographed, and 
contracts let for another half-mi Hi on, The 1939-45 war ho* led, moreover, to 
photography of even wider areas of country previously unknown, and the Royal 
Air Force Library in the United Kingdom now contains many millions, of 
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photographs, lu some regions, such as tropical deltas* conditions may make 
survey by any other means impossible. 

Mom use has been made of oblique photographs in Cannula than elsewhereu 
They are especially useful to cover vast areas of low relief an found in the 
Arctic and Canadian Shield. The area covered by a single photograph in much 
greater than in the case of verticals. The making of Huiah-scale topographical 
maps h in the. region of one qu&rter of an inch to Urn mile, then consista of 
drawing an appropriate perspective grid over the photography and transferring 
detail from this to a grid of squares. The photograph may Iks regarded as a 
che^-board seen in perspective, ami the problem is to redraw it in plan. 

One of the problems in undeveloped countries of vast extent, especially in 
tlie application of vertical photography, is that of cost. This becomes a question 
of maintenance of either held parties of piano tablets or the provision of aircraft. 
TvitJiin suitable range. In general, modern facilities are showing that it is both 
quicker and cheaper to do the work by air photography. This is particularly bq 
in jungle or uninhabited <xiuntry where not only is travel difficult, for the plane 
tabler but his outlook is often verv restricted. 

w 

Modern vertical photography is taken from between 15,000 ami 30,000 feet 
with cameras of focal lengths between 0 and 30 inches, These photographs are 
0 inches square, so each photograph taken, 30,000 feet alxivo the ground with 
a 0 ineli lens will cover neatly 30 square raibsa of country. They bear a titling 
strip which gives the focal length of the lens, and the date. In some imfcatme* 
the height of the aircraft and tJio time of day ara aho given. The focal length 
and the height taken in conjunction enable the acale of the photograph to h» 
determined with sufficient accuracy for general purposes, A knowledge of time 
assist# in photo-in terpratutioru enabling, for example. confusion to be avoided 
between the long shadows coat by early or late summer sun from shadows of 
similar length cast by midday sun in mid or high latitudes in winter. 

Although aerial survey may reveal tilings which are not visible to the naked 
eye when walking o ver the land, such as geological faults and concealed dikes, 
and matters especially of archaeological interest such as ancient tracks and 
sites of buiMinga, some features important to topographical mapping remain 
siiire corded- Vegetation may conceal parts of paths, roads, and rivers. On 
large -icalr work oven overgrown hedges m ay prevent the accurate delineation 
of what the Ordnance Survey delight fully calls visible obstacles to tre*|Ntsa< 
Broad, caved of buddings conceal ground dloor plans. The oldest inhabitant, 
at least in Lilts pnr^ent generating can usually be consulted about parts!! 
bouiuhmcrj and ^[idling of place-names only on the ground. 

3. SilUfLE PLOTTING FttQM AlE PHOTOGRAPHS 

Elaborate plntiirig-maehln^ are exceedingly useful to assist correct orienta¬ 
tion. to extend control, and to prepare the way generally for detail plotting. 
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But there are much simpler infltnummta used Id conjunction with these, and 
which indeed may to used alone with tolerably good results, Modem stereo¬ 
scopes arc available, by which one of the ptotograpto of a stereoscopic pair can 
be contoured eapetialty if the levels of a number of points are known. On look¬ 
ing through the stereoscope, relief is dearly seen, and by apparently pencilling 
form lines on this, as one would on a solid model, it will be found that the lines 
are actually being drawn hijod the photograph adjacent to the band holding 
the pencil. 

An elaborate form of this is employed for work of a high standard in the 
Multiplex Aeroprojector* in which the two images* are projected through 
coloured light filters on to a table, and observer! through coloured spectacles 
which match lhe complementary colours of tba filters and give stereoscopic 
effect. It is thereby jKj&iihle to contour a model illusion, just im later a simple 
method is described of creating a model illusion by vertical spacing of prepared 
contours. 

If there m very little tilt, and in modern work this rarely exceeds 2% and 
there is not a great variation in love I p a straight tracing of one photograph 
with contours added makes nn excellent sketch-map, A plan without contours 
may lie seen in Fig, 72, which should be compared with the photograph in 
Plato VIII, facing p, 148, 

Even without a stereoscope and with only one air photo, information can be 
added to an existing map* Suppose that the area is fairly flat antS the photo¬ 
graph vertical or only slightly tilted, A point which does not appear on the 
map can be plotted from the photograph bv noting first of &EI two other points 
common to photograph and map. These two points are treated as a brisadino 
to determine the direction of rays to t he third point. The photograph directions 
drawn on the map from the appropriate points given an intersection fixing its 
map position, m In plane-tabling. This automatically corrects for scale, hut not 
For differences in altitude or tilt. 

If proportional dividers are available, the method of Intersecting ares can 
to applied. The points of one end are get hy the photograph, and the others 
hy the map. Several points may be fixed from the original two buses. Further 
detail iriEiy to sketched about these by eye. 

If a line m drawn tltrmigh a pair of points on a photograph, and another 
line to intersect this is drawn through another pair of points, their intersection 
marks a fifth point. If the same pairs of points are identifiable on the map. 
and lilies are drawn through lhcm 1 their intersection will occur at the j>oinL 
corresponding to that on lhe photograph, no matter how tilted the latter may 
to, provided there in no great variation of relief- Should a point to required 
which does not lend itself to this method, the nearest plottahk [joint should 
to fixed, and the final [wint plotted by om of the former methods from the 
nearest suit-able pair of points. 
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Dpttiii may also bo sketched in from a tilted photograph. by choosing points 
about the detoil, and joining these up to form a jwntagon. The corners of the 



(a) Photograph ib) Map 

Fic. 27. To fix t.ho position or ibUitionni pointd ot» a map wlsui only 
four pumtii nrw jdcniifiubto .lh mitmion to map and phoiogntph. 


C 



Flu. 23. One >Jr«t of relief on a vertical photograph. 

pentagon are joined, dividing the whole into a series of figures. Corresponding 
points are marked and joined on the map. The framework obtained enables 
detail, us of drainage, to be copied fkirly accurately from the photograph. 
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If only four points can be identified on mop find photograph, it is still possible 
to fix others from photo detail. Reference to Fig. £7 explains the method, 
W r X Y and Z are four points on the photograph and Z J a point rt is necessary 
totraiisfer. 10 , z. y, and z are corresponding points on the map. Join the points 
os shown in Fig. 27 {o), Take a straight edge of i»pct and lav itaesross as shown, 
marking the intersection of rays and paper edge with ticks. Now join * to y, 
«. and s, and move the paper edge over these rays until the ticks occupy 
corresponding positions to those in Fig. £7 (b). Murk t he required position of the 
* tick for P will lie somewhere on the ray through thin tick and *, shown m 
Fie. 27 (At by a dotted lino. The precise position is obtained by repeating the 
whole proix^ from one of the other points. A further repetition acts aa cheek. 
A «low liindhes, but an adequate skeleton can soon be clothed. 

The effect of relief may 1* considered in relation to Fig. 2». t represent s he 
camera, H ita height above general surface level, and ft the height of a punt i 
above general surface level. P would be shown tn a map vertically below it* 
position, but on the photograph it w ill appear at p instead. Therefore in 
plotting the position of P adjustment should lie made. From similar triangles 

having hypotenuses Cp and Pp, ± - A, therefore d. the amount of displace¬ 


ment, is ^A, Supliose that the photograph is taken SO that // ia 12,000 feet, 
and that A is 1,000 feet. From the centres of the photograph D 
4 inches. Then lhe amount of photographic displacement in inches is - 

which equals one-third of an inch. Correction would t herefore bring it «™-third 
of an inch nearer the centre. The effect of a depression, as shown to the left uf 
the hill, may he calculated as an independent exercise. The problem oi air 
photo interpretation is dealt with in Chapter XXI. 







CHAPTER EIGHT 

THEODOLITE TRIANGULATIOH 

Theodoote triangulation forms the basis of all accurate surveys of extensive 
The process is usually slow and expensive, requires a high degree of skill, 
and u (‘joisidurable knowledge of matliematicB. Nevarthatefis, the principles of 
the triaiisolation are straightforward and an attempt will bo made to explain 
these in outline, indicating something of the care that is taken to avoid errors, 
it will bo assumed that, previous sections on survey are already understood. 

The theodolite survey in unmapped country resolves itself into at least tivo 
distinct operations, namely: 

1. Preliminary Reconnaissance Survey. 

2. Measurement of a Base-line, 

3 . Theodolite Trianguktbm 

4. Defining the Positions. 

5. Determination of Avimutli, Latitude, and Longitude, 

Although the work is done in order from l to 4 and is best so described, it is 
uot necessary to wait for the completion of one part before commencing work 
on the next. 

1. Pejilhunahv REooyyiias-ufCB 

A preliminary reconnaissance of the area is undertaken to produce a sketch* 
map which will he of use in determining the Ijest trigonometrical stations. 
Much time is thereby saved, because in ter visibility is determined in advance 
of theodolite work, and from the many ruling-points in the sketch, those only 
are chosen which will yield well-conditioned triangles with sides of a pre¬ 
determined approximate length. The work is carried out with the plane-table 
ahead of the theodolite, and beacons are built as work proceeds. 

2. M e a smtEii ent or a Base-lixs 

For the plane-table sketch, the length of a base-line is measured only approxi¬ 
mately, as tho purjiose of the sketch is not affected by inexactitude in that- part. 
But the measurement of the base for the theodolite work must be as accurate 
as possible, since accuracy is the keynote of the work- One method of cheeking 
Lh to measure a second base-line and compare the result with tho length as 
computed from the triaiigulfltion. Unless measurement wen? accurate, such a 
check would be of little value. Further, the geographical position, that is, the 
latitude and longitude of each station, is calculated from the tri angulation 
after determination of latitude and longitude of an initial point. All would be 
wrong if calculated from an inaccurately measured base. 

4'HS F 
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If possible a base is chosen on fairly level ground where ends are intcrvisible 
and from which Rights can lie taken on to other KtatiotiK suitable for base 
extension. The length varies from about 5 to 10 miles. The Atlanta base in 
Georgia p U S.A., was about 0 mites, the principal bases in Britain, measured 
between 17S4 and 184D, were to $ ntil^s long* while the five bEise& used in 
t he Geodetic Survey of the Transvaal and Orange River Colony were- l>etwwn 
10 and 22 miles. AI! dbumces im Ordn it nee Survey maps of Brit tin depend npm 
the accuracy of measurement of bases near Loch Foyle and upon Salisbury 
Plain, for all are derived from the weighted mean of these two. 

The apparatus used bae varied with the date and the country. Wooden 
rods, glass rods, and special compensating I jars, made of two met ala to counter¬ 
act temperature changes or enable length to be calculated accurately , have been 
need. A compound bar of iron and brass, 0 metres long, was used in the United 
IS rates r and also a steel bar immersed in melting ice. In Britain and India a 
bar of brass and steel 10 feet long was used. These bars were usually set up in 
wooden troughs in a scries of about four, and the distance apart determined by 
microecopea or wedges* Alinement was maintained by theodolite. The process 
was very nlow s taking several wreks p but the error made probably varied only 
from one part in two hundred thoimnd to one in a million, or leas than one- 
tenth of an inch in a mile. 

Nowadays measurement is usually made with invar tapes or wires, either 
100 feet or 24 metres long. In vat is an alloy of nickol and steel and varies less in 
length with draogts of temperature than does any other metal. This minimizes 
the possibility of error from the hitherto most fruitful source. The tapes are 
stretched by weights on tripods. The end tripods have marks against which 
marks on the tape can be read. Conservently the exact distance between tripod 
marks can be ascertained by simultaneous readings at each end of the tape. 

Correction is made for tension r slope, mg, and temperature, and fur variation 
from true length peculiar Vo the particular tape. 

One other adjustment is made. The base-line measurement of the theodolite 
tmngolaiion b reduced to what it would lw at *ea -level, a simplo calculation 
since the radius of the earth is known, and the height of the 3 wise-line above 
sea-level can be ascertained. The point is appreciated by drawing a capita] V 
with two arcs across it- The upper one represents the base-line as measured, the 
lower one aa reduced to sea-level. Since the base line b the only linear measure¬ 
ment mode, this adjustment hm the effect of reducing automatically all 
subsequent calculated lengths to what they would be at sea-level. 

3, TnWhDQLEm Tiuangvutidk 

The handling of a theodolite can ouly be learnt with practice in the field under 
enlightened guidance, and consequently little more than the principles involved 
are considered here. A precise type of theodolite ia shown In Plato VI. faring p. 72. 
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All consist mentally of * telescope so mounted that it will rotate in either a 
horizontal or a vertical plane, The degree of rotation in the horizontal pUno is 
measured by means of a pointer which rotates with the telescope round a 
damped horizontal circle graduated in degrees clockwise from 0 to 3ti0. Vertical 
movement is recorded by a vertical circle graduated hi quadrants from 0" to DO 6 
upwards and downwards. The instrument is normally mounted on a tri|>o<L 
its size is stated in terms of the diameter of the horizontal circle* For the 
primary tria Emulation of the United States a 2 ft. ts in. theodolite w e &s used and 
for that of Britain and India 3-foot theodoliteft, Bv improved design and ainnu- 
fncfcuro very accurate work i& now E.^rible on a i-Mnck iustnitneiiL, some patterns 
reading to single seconds of are. All readings are made by means of vcniiera or 
micrometers. Transit tlieocli^Utea are those designed so that the teleaeope ran 
be turned till rough a complete cirde in the vertical plane, an arrangement which 
asaisis the surveyor in eliminating error. 


F*o, 29 . Theodolite trioncnEktii 
Du t ttd line* build i ^ 


rigmal hose, YZ baae of vcriGcaAiem* 
me principal tzmngulation* 


of triangle* in a primary triangnlariou varies a good deah In 
^erage length was about S3 mile# a side, but one triangle had sidea 
Lg 100 miles in length, the apices being reflectively in England, 

, In India sidee varied from 11 to 30 miles, the longer ones 
«.j re-gmil* where l here is good intorviaiblihy. By using illuminated 
Deacon* much work h done at night. 

The bftse-liiio is rarely long enough or suitably situated to form one side of a 
major triangle, triangles are set out to subsidiary stations to build up to the 
main triangulation, as shown in Fig. 2ft. AB is the measured base, CD stations 
used to build up to the main triangulation on £F* One or more bases such as 
TZ are subsequently measured and their lengths compared with those computed 
from the trianguktkm as a check on accuracy, Lengths in the fmt triangulatioii 
of Britain were computed on a mean value, as found between the Loch Foyle 
and Salisbury Plain bases, 330 miles apart. Several check bases were employed 
to make sure that no inqn>rtant errors had crept in. 

To wmmeuce trianguLarin n the theodolite La set up and accurately centred 
by plumb-line ov er one cud of the bu^e A r as eisen in Fig. 29* The telescope is 
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directed firat on B and then on C. The differsnce Id pointer readings gives tlie 
angle BAC , By setting up at and C in turn tho remaining angles of the 
triangle are measured. Since the length of the base AB is known, the lengths 
of the sides A C and BC can then be calculated, They can be used In conjunction 



u™ primary triwitfnhdiau of Britain. 


{By pmrnttwn of the CtmtrcJkr e/jfJbL Stationery Office,) 


with angle m&fcfurcniEmt* to solve triangles CAB and CBD and so provide two 
results which should be identical far the length of CD, The work is built up on 
these hues to the main system of triangles* which may completely cover an 
area if of limited extent like Britain, or form chains of triangles or interlacing 
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polygons at- right angles to each other across a country the size of Lids a. In 
the latter citse the intervening space is filled with secondary triangle* qf sum!ler 
size, their accuracy being checked by contact with points fixed in the primary 
trianguktiom The sites of all trigonometrical stations should he marked in 
some permanent way on the ground. In Britain the primaiy triangles were 
subdivided into secondary triangles about 5 mile* a aide by the nse of a 12-inch 
theodolite, and these in turn with smaller theodolites Into tertiary triangles of 
11 miles a side. Consequently the [position of mote than 1 fiO r QOO points waa 
accurately determined, the work taking about seventy years to complete* 
Fig. 30 shows part of the now primary triangubtion of Great Britain, in eluding 
the Las^leinonth base extension on an enlarged scab. The place of this triangula¬ 
tion in the present, survey of Britain m described in Chapter III. § I, 

Without going into instrumental details, it may he said that every possible 
cheek is taken in the primary Lriangulaition to reduce probable error in a triangle 
Uy teas than I second, while in tertiary triangles error may amount to 2d seconds 
without rejection. 

4. Deffstxo thy. Positions 

One point should he made clear, especially after the space already devoted 
to graphic Iriangulation, In the latter, points are fixed on the plan by drawing 
intersecting r*ys from field (lata, or by direct transfer to paper in the field. In 
trigonometrical survey this is not so, A higher degree of accuracy is aimed at. 
Certain earth dimensions have to be adopted as a basis of calculation in the 
solution of the theodolite triangulation, for the precise shape and size of the 
earth are still a matter of uncertainty despite elaborate investigation by 
determining astronomically the position on the earth of pairs of points, and then 
measuring the length of are between them. It is at least Common knowledge 
that the earth is not truly spherical, and that the polar diameter is shorter than 
the equatorial. If the earth were a sphere of known radius, the distance between 
any pair of points whose positions had been determined astronomically would 
ho a matter of elementary calculation. As early as the middle of the eighteenth 
century it was established that, for the northern hemisphere, the farther north 
one went, the longer became the length of n degree of latitude, and henco the 
flatter the earth. 

In an original survey, not already governed by a primary triangulation, it is 
obviously necessary to know just where on the earth's mn-spherimd surface 
the trisnguJatlon has taken place r This means that an initial point must be 
fixed in terms of latitude and longitude* and that the direction or azimuth of 
one side of one of the triangles must bo determined. The first pins the tmngula* 
lion lo the earth at one point, but leaves It free to swing round. Azimuth 
deiermines orientation. Neither is eomplcic without the other. 

Once an initial latitude and longitude are known, und azimuth determined* 
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the triangles can be solved, based on the assumed earth Khape and dimensions, 
and the positions of all points relative to each other are fixed. Use draughts- 
man can then plot these either from data in the form of reptangvdiij- co-ordinates 
on the chosen projection, or from geographical coordinates, namely, latitude 
and longitude, on any desired scale. 

5. Azimuth. UxmmEj awd Lonoitude 

Nothing more than the general ideas involved in the detcnniiiatioTi of 
azimuth, latitude, and longitude arc discussed in tins section. Forthorroore, 
the easiest methods to describe end understand are not necessarily those most 
usually cm ployed t nor the most accurate to practise* Details of these are set 
out in the Text Booh of Topographimt Surveying, and to this the student who 
wishes to go farther is referred, tie will find such terms as apparent* mean* and 
sidereal time fully explained, and examples of numerous calculations involving 
the NavUcal Almnnuc, a statistical compendium which is part of the outfit of 
field astronomy* 

With the above cpiaUfieations in mind, consider first the principle of eno 
method by which azimuth of a station B could ho determined from an initial 
station A + The main problem is to determine true north at station -1. and then 
to measure the angle between this and station B. The Korth Htnr or Polaris 
is approximately due north as seen from any point at any time of 5 'ear in the 
north hemisphere. Observatiun will show that as the earth rotates on its axis, 
all siorsj appear to revolve in circles round Polaris, Some me above the horizon 
the whole time and are called circumpolar stars. Others dip below the horizon 
on their courses. 

To ascertain azimuth* the theodolite is set up at station A mid directed 
on station B r and the horizontal circle is read. Then m a circumpolar star moves 
round the pole to a position on its downward path* it ia centred in the theodolite 
telescope by swinging the teIeseoj>e along the horizontal circle to X\ as seen in 
Kg, 31 p and tilting it an amount X r A JC* The vortical circle is clamped to keep the 
telescope at that angle. Some hours Inter* when the star is ri&ing, the telescope is 
again swung round and the observer waits till the star appears at Y in the centre 
of his field. Its height above the horizon is the same as at X> because the 
vertical circle has remained damped. The horizontal awing X*A Y* fo read. 

Fig. 31 helps to show what has happened. A line joining X and Y is in reality 
a chord across a circle with the heavenly or celestial pole as centre. Thus a line 
bisecting thin chord from the observer’* position p y<iEse& through the pole and is a 
true north lino. The only angles necessary to determine the direction of B from 
A have been read on the horizontal circle, namely. Jingles BAX f and X'AY\ 
though the telescope was tilted to centre on A F and Y. The point N l on the 
horizontal circle corresponds to A T . The direction of B from A differs from true 
north by the angle N*A fJ* 
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Celestial Pole 
at centre) 

V 



T heodolite; X^_ 


It is obvious lhat a second method 
to determine azimuth Is to ascertain 
with the theodolite when a star or tho 
mm reaches Its maximum altitude, 
for reference to Fin, 31 shows that this 
La lho observer's true north. The angle 
X r AB can bo observed and again gives 
the azimut 1 i of B from A. It Ladiffioult 
to detori ii Luo the esact point when & 
star b at maximum altitude, said 
choice must be made so that any 
slight error will have least effect, m 

of a star racking a wide Hwvep aertwis pjj n> DutwuiuaLion of dio-'oiion ut ad- 
the csky^ rather than One which moves muth by drcuinjjolnr star. In thu south 
in a small circle about Polaris, hemi^ro apparvivfc rotation about tlio 

The latitude of a |to b defined M *** 

its angular distance from the plane of the equator 
measured at the earth's centre. In Fig. 32(a) this is 
angle But ibis angle is the same in magnitude as y , 
the angle between Lho horizon of the observer at A 
and the celestial or heavenly polo. The latter is eo 
distant that in the diagram it appears in a lino 
parallel to the earth's? polar axis produced. 

Ill determining azimuth, a method was described 
of tiiiding a true north line through the observer^ 
position. A vertical plane through this lino p&ases 
through the celestial pole, but does not define ita 
precise position or elevation. Reference to Fig. 81 
plmuw that the celestial pole will be tit the centre 
of the circle, midway between lowest and highest 
points, or tower and upj*?r culminations or transits, 
as these are called* of the circumpolar star. Hie 
lower culmination can be found with the theodolite 
by following die movement of t he star in the telescope 
until it ociisea to dip stud logins to rise, evidenced by 
the need to cease depressing the telescope. The upper 
culmination can be found in a fejmihir way . Bisection 
of tiie ntigLe between lower and upper cuIminafionB, 
corrected for refraction, given the position of the 
Celestial pole and hence the oljsorreFa inl Etude. Tills 
is shown dijigmmmatieiiJJy in Fig. 32 (Id aa angle y. 

If the observers longitude ia known, tin Lime of culmination can be predicted 



Sn^racipn 



Fici. 32, Dflerminatkui of 
liLittudi? dirjwn imhimTom- 
matic form. 
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and road at tiio appropriate instant. Tables render it unnecessary to observe 
bath upper and lower culmlnatious, and this is often impossible since they 
occur 12 hours apart* 

TJie longitude of a place is the angular measurement between the plane of 
ite meridian and that of a standard meridian, usually of Greenwich. Suppose 
Fig. 33 represent* a polar view of the earth. Then the plane of the meridian 
through A makes an angle of ilo g with the plane of Gig Greenwich meridian. 
Its longitude is therefore HO 0 . Angle* are measured in degrees east and west of 
Greenwich round to 1$*J% winch is neither cast nor we at- 


Fio. 33. Determination of longitude. 

Aa the earth makes one rotation on its axle each 24 hours, longitude can 1?e 
expressed also in terms of time. Tho place A in Fig. 33 ie one quarter of a 
rotation or 6 hours behind Greenwich. Thus if Greenwich time and local time 
are known, the difference between thorn can lie translated into terms of longi¬ 
tude. Green 1 wjch time may be taken from a chronometer cheeked by wireless 
eigtial t w hile local time can be determined by ascertaining the time of the- sun's 
transit. If the latter occurs when it is after noon at Greenwich, the place is 
west of Greenwich* and if before Greenwich noon the place b east. 

6, Ti^e 

So much rleperide on an understanding of Time in accurate surveying Hint 
it merits some space here. * "onsider first Fig. 3-4 The earth iff represented ns 
rotating on its axis and moving forward on its orbit eimultaneonsiy. Point A is 
in transit with the mm, By the time the same point is again in transit, one solar 
day has elapsed. Tho earth has made une complete rotation us seen from the 
Rtm but owing to its movement along its orbits h has made more than one 
rotation in space, actually one rotation plus angle XPA . The net result is that 
although in one year the earth makes 3tk5£ rotations as seen from the sun, it 
makes 3&G| rotations in 

A3though A rotates slightly more than 3G0 3 each solar day* actually about 
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381*, Lhe two factors which must he taken into account in converting time to 
degrees ami vice veisa are (a) the interval of time between mn transit anti sun 
transit, and (b) the degree of rotation as judged by the sun, namely, 30U*. 

Hexfc consider Fig. 35. The earth's orbit is elliptical, and the sun is not at its 
centre. The cart3 1 rotates ut a constant speed and also moves forward on its 
orbit at a constant speed. Consequently the angular speed varies at different 
parte of the orbit, for example, angle O La greater than angle P* The result is 
that the time interval between mm transits varies, It is greater between 



Fin, 34. Diagram to ithwfcrftto cfToot of garths rotation 
about ita and revolution about iho mm. 


positions 3 and 2 than between positions 3 and 4. This means that the sun is 
not an ideal time keeper and only provides ns with apparent litre, Irregularity 
in the length of the solar day b further Introduced by the slope of the earth's 
axis. The mean interval between transits is 24 hours h and thin time, to which 
clocks and watches are regulated, is termed mean time. The difference between 
mean time and apparent time is termed the equation, of time, and this varies 
between about 18 minutes positive and negative. 

Fig. 38 shows that in relation to the star* Lhinge are different. Since even the 
nearest star in at an almost infinite distance from the earth, lines marking its 
direction ore virtually parallel despite movement of the earth uu its orbit. 

l^trt of this diagram is enlarged in Fig, 37. By comparing this with Fig, 34 at 
will I jo seen that the time interval lietween transits of the star will bo slightly 
less than between transits of ihe sun. Time tit ken from the stars is called 
surreal timr . and each sidereal day Is shorter than a sohir day. In a whole 
year there are sktarwl days* for any point on the earth, such aa A w will 
rotate once more as seen from the star, than as seen from tho sun. 




Flti, 35. Diagram to illuisLnHo affect of earth's olhptka} orbit. 



Fir. 36. Dirigram (/> llliistrate why Transit dtitctfcniR in Fig. 3? nra idiown by parallel 
lioca, Ba!*ed on ihn sizb uf tlus earth a orbit H tins nearyat atnr ihnuld bo G,lKKJ time* as far 
ttwsy as in this dttufnijLr Tins wouhl make the linos from the star to the extremities of tho 

earth s orbit vimudiy paralEd. 



Fib. 37- Diagram io illuRtmto traiiidts of ^ *lnr 
at an inimite disiuat. 
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If, in determination of longitude, apparent time b taken from the sun, Lt 
nun be converted Into mean time by reference to the Nautical Almanac, which 
sets out the value of the equation of time for alt days in the year. Comparison 
with Greenwich mean time then shows the longitude. Since much astronomical 
observation is based on the stars, the Nautical .4twiw>t also sets out in Forma¬ 
tion enabling conversions to bo made from mean to sidereal time and vice 
versa. It is unimportant which time is used in the determination of longitude, 
but evidently the times of Greenwich and of the place in question must be of 
the same kind. 

7, Theodolite Traverse 

Finaliy. to return once more to the theodolite, for it is used not only in 
triangulution but also as a traverse inst rument where triangulation is extremely 
difficult or expensive, as in forested country or in hat tropical grasslands. It 
may also Ik* used to run traverses between trigonometrical points. Traverse 
stations should lie as far apart as possible, say, a mile or so, distances being 
measured by tape or chain. Each time the theodolite is set up. the telescope 
is directed on the previous station, die horizontal angle noted, and then the 
telescope is swung clockwise till it points at the next station to bo occupied. 
The difference in the two readings gives the angular change in the direction of 
the traverse at the station occupied. .A check may be taken every fifty or sixty 
legs by testing azimuths astronomically. If the traverse closes, a further cheek 
b provided. Ob the Ohio River Survey, commenced in 1011 for maps to a scale 
of 500 feet to the inch, a control base was run in duplicate along each bttttk. 
A steel tape 200 feet long was used for linear measurements and the two 
treverses closed even* 10 miles. The error of closure was not more than 1 in 
20 , 000 . Oil trevereea connecting triimgulatioa points of the Topographical 
Survey of Cincinnati, using the theodolite and a 150-fcct tape, the average 
closing error wiis 1 in 3.000, 


CHAPTER NINE 

DETERMINATION OF ALTITUDE 

Sr’s far, survey has been treated vtry largely as though tom’emed with A plane 
surface. Length and breadth have been taken into account., but the third 
dimeiiHioti, height, hug received no more than pacing reference. The only steps 
taken in connexion with altitude have aimed at its ©hmimitiai) in the finished 
map, In so far as the map has to be shown in two dimensions on paper* slope 
must still he eliminated and all distances recorded na though measured on tho 
level, but this does not preclude determination of height and its representation 
in some form upon the map, A inup which fails to show relief fails to show one 
of the most significant features of the earth's surface. 

Determination of altitude is the final surveying process requiring explanation, 
but it will be appreciated that in map-making the surveyor works in an order 
quite different from that employed in this elementary account. If© start* with 
tmtigubidioUp follow* this by determination of height, and thereafter deals with 
topographical and detail surveying by appropriate methods its described in 
previous chapters. 

1- Datfm Line 

Before relief can bo shown, altitude must be determined, and altitude of 
any sj?oi can only be expressed with reference to some other spot, line, or 
plane a* datum. The most significant level on the earth is seadevef and tin* 
forms a suitable reference. Some surveys adopt mean high-water level, other*, 
as of Britain and India, take mean aeadevel as determined by tide gauges over a 
period of years, in the case of these countries at Newlyti end Karachi reaper 
lively. All recorded heights are then relative to tho adopted initial level. 

2. Use of Ba noMETEE am* Htfsomet ot 

Approximate differences in height can be determined with a Barometer* The 
higher one ascends, the lower becomes the atmospheric pressure. If a barometer 
at mean sea-level is read at the same time as one on a mountain top T the 
difference in pressure will indicate the height of the mountain, u difference in 
presume of 1 inch corresponding to a vertical difference of about 1 r 133 feet, 
or 30 millibar* to 1,000 feet. There are various adjustments to make in the 
readings, as for temperature and latitude, which are set out in appropriate 
table*. Common sense is essential also, because pressure varies from place to 
place at a given altitude and sometime© fairly rapidly in a single place. The 
best conditions would obtain in settled weather, with simultaneous readings. 
If these are impossible, a barometer can be carried From the base station to tho 
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required station* its reading noted, and an allowance made for any change in 
pressure which ha& occurred at the base on return In somp circumstances 
the barometer is useful to determine intermediate height* between pairs of 
Stations whose altitude Is already known. Under good conditions errors may 
not exceed 10 to 20 feet* 

The Hypsirfiir.ter also depends upon differences in pressure* but (.his time by 
the effect pressure boa uj>on boiling-point. The lower the pressure, the lower 
the temperature at which water boils. Consequently the apparatus consists of 
a thermometer and vessel in which water is boiled. The temperature of the 
steam is recorded, as it is more constant than that of water which varies with 
inipurities us well os with pressure. Again, tables which take into account 
various conditions are necessary. But since a difference of 1' F. corresponds 
to a difference of about 500 feet, accuracy is almost impossible- Eight deter¬ 
minations to ascertain the height of Lake Tanganyika showed a range of 

C 



Ftp. 3S. Det^rmlaatiqu or relative altitude by theodolite* 


32$ feet, and the mean was probably 17U feet too high. The hypsoineter may 
have been a mure convenient instrument to carry round than the mercury 
barometer, hut it Ls inconvenient &8 compared with the modern aneroid bare* 
meter, an example of which, scaled to read change* of altitude in feet ns well 
iis changes in pressure, is shown in Plate V, facing p. 48, 

3, Theodolite on TniaoKOMETiiiCAi* Levelling 
In the description of the theodolite mention was made of the vertical circle 
for recording angles of elevation or depression. If the theodolite is set up at 
h station A of known altitude, as in Pig. 38. a sight can be taken on an}’ other 
Station C and the vertical angle read* The difference in altitude is calculated 
from thin ancle and the distance aw ay of the other station, which ss represented 
by the horizontal line AB. The distance from A to B would be shown by the 
map or recorded in the horizontal triangulation. Allowance must be made for 
the height of the theodolite tripod, and if possible cheek readings should bo 
taken from C towards A. Refraction* which is at a minimum around mid* 
day, tends to make readings unreliable when taken from one end only* Another 
check is possible by reading on the same summit from various stations. The 
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heights of many inaccessible peaks in mountainous regions have to be deter- 
• mined by this method. 


4. The AijH>ape 


The telescopic alidade, shown in Plate V, can he used in much the same way 
as the theodolite to measure vertical angles. It is necessary to ensure that tlio 
plane-table, with which the Instrument ia used especially in the United Stales, 
is properly levelled, When the plane-tablcr is tiding his position by resection 
from known points, he can at the same time determine Ids height, if the heights 
of the known points are shown on his sheet. Tills will normally bo so if he is 
filling in detail in a systematic survey. He measures the angle of depression or 
elevation of the station, determines its distance from the scale of the map, 
itTul hence calculates the elevation of the site occupied. 

The amount of rise or fall is known as the vertical interval, and the horizontal 
distance a* the horizontal equivalent. It will be found that when the angle of 
elevation measures l there ia a rise of 1 foot for every 51- 3 feet measured 
horizontally. This relationship b approximately true for all other angles up 
to 2U“, Thus when elevation measures 5’ there is a rise of 5 feet for every 
67*3 feet distance, or a rise of 1 foot in 57-3 feet -r 5. The relationship be 
expressed in the following forms, using HE for horizontal equivalent, VI for 
vertical interval, and D for the number of degrees of slope; 


or, rearranged, 


BB = 


VI = 


VI X 57*3 

X> * 

UExD 

67-3 


It should be noted that the formula presumes that VI and HE are both in the 
same units of measurement, Buoh as feet, yards, or metres. If not, os may 
often happen in practice, due allowance must be made In the calculation. 

The plane-taller will usually have a diagram or ready reckoner from which 
he con find vertical interval given degree of slope and horizontal equivalent. 
For rough work done mentally 57*3 is often counted as GO, but this introduces 
an error of nearly 5 per cent. If the VI is in feet and HE in yards, the two 
forma then become respectively 


and 


HE = 


VI = 


VI x 20 
D * 
IIEaD 
20 ‘ 


5. Trra CtcfOaLETEti 

There are various other instruments designed to measure vertical angles, 
collectively known as clinometers. Only two patterns need be referred to. 
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Tlif first is l'cry simplt And effective 5iwl is uswl with the plane-table. It is 
known as the Tn dfe n Clinometer and is shewn in Pluto V. In effect it is a simple 
sight rule, but instead of having two slotted sights, Uw? near one lias a pin* 
hole sight, while a scale of degrees is marked along the slot of the remote sight. 
Thus when the tabic has been levelled, a. station tan be sighted through tho 
pin-hole and its angle of elevation or depression read from its position in tho 
slot sight, Tho zero mark is at the same height as tho pin-hole. The degree 
scale only occupies one side of the slot eight. On the other is what is know n 
us a tangent scale, that is, a scab which shows vertical interval divided by 
h or iy o ntsl equivalent. Thus opposite 1* on the degree seal© would be 0-0t7, 
that U, J-^-57-a. The surveyor t hen simply multiplies the horizontal distance 
by the tangent scale reading, and obtains his vertical interval. IF his tangent 
scale reading is 0-041 and the object, is distant 1,000 yards, the VI is 0-04Lx 
1,000, namely, 41 yards or 1113 feet. Allowance must he made far the height of 
the table if the object is very near. The maximum distance for observation is 
about 3 miles. 

The second pattern of clinometer which might be mentioned is the Abney level, 
seen in Plato VI. It consists of a email telescope with semicircular protractor. 
A pointer with spirit-level attached is hinged to move round the pro trader. 
An object is sigh ted in the telescope and unless on a level with the observer, the 
bubble is thrown out of centre. It is brought back to centre by turning a screw, 
still keeping the object In sight. When the bubble comes to the middle of its run, 
itbo seen in tho telescope. The poisiter then reveals how much the telescope 
was tilted from the horizontal, and hence tho degree of elevation or depression 
from observer to station is read and vertical interval calculated. 

5, Spirit-L£ vi;i.r.n*n 

Bv far the moat accurate way to determine height is with an instrument 
know n tie a spirit-level or abuply a level. It consists essentially of n long spirit- 
level mounted on a telescope which when properly adjusted swings in a hori¬ 
zontal plane. The instrument La used in connexion with a stall or staves. 
Of these, there are two principal patterns. The first, used mainly in England 
and India, is 10-14 fcet long, and is graduated from the base upwards, jn feet, 
tenths, and hundredths of a foot. Alternate hundredths are filled in with blank. 
Readings are taken on the staff by the observer through the telescope. The 
other pattern, used largely in the United States, has a movable circular target 
with lines marked upon it. The target is raised or lowered by the assistant 
until the observer, fookin.tr through the telescope, indicates that it is ut tho 
desired height. The actual reading, which shows tho height of the target, is 
then made by the assistant, who is aided by vernier seal© reading to thou- 
3 a mil ta of a foot. The staff may be graduated alternatively in metros subdivided 
to centimetres or 2-ini Ili metre divisions. (An accurate level is shown in Plate VI j. 
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The uiost accurate levelling is done with two staves, usually along roads. 
One is placed in front of the level, and nno the saint distance behind, as shown 
by A and B in Fig. 39+ The distances are never great. The maximum length 
of sight allowed in the precise levelling of Now York City was 150 metres. 
The Ordnance Survey records 50 yards as a maximum. It is apparent from 
the figure that the reading on staff A and staff B will differ by tko same amount 
fli- the height of ihe ground differ on which they arc resting. This Is the figure 
required. Having ascertained this, the level is moved to position 2 and staff 
A to position C. Thus ihe difference in level between B and 6 1 b measured, 




T^C. 40, E iim inn don of Rarth curvature in It? veiling* 


and from thin and the first result tho difference Ijotwecn A and C can he ascer¬ 
tained, Any flight variations of slope between instrument and staff, as at 
d and e + may be obtained by a single reading, comparing, say* the reading on d 
with that on B t and of t with that on C. Any slight errors on d and e are rust 
carried forward and do not accumulate, 

There is a twofold purpose in using two equidistant staves. In the fust 
place, instrumental errors cancel themselves out, for should the telescope be 
reading slightly higher or lower than true horizontal, it will give readings 
equally too high or too low on both staves. On subtraction, this error is climb 
Hated, The second purpose is to cancel apparent differences of altitude due to 
refraction and earth curvature. The latter, though the lesser source of trouble, 
amounts to 8 inches in a mile, ho error far too serious for precise work would, 
accumulate. The effect of curvature is seen in exaggerated form in Fig. 4IL 
Readings ore too high on both staves the amount, on level ground, depending 
on distance from lire spirit-level. When staves are equidistant, the excess duo 
to curvature is automatically cancelled on subtracting one reading from the 
other. The figure brings out the difference In meaning between the words 
boriwuntal and level. The work in itaiud is eumserued witli. the latter, which* 
if the earth is regarded as spherical, follows Lite curvature at a constant distance 
from tho centre* 
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The degree of accuracy can ho checked most easily by levelling a closed 
traverse, as the attitude should he the same oil return as on setting out. In 
New York one traverse of 74- miles showed n closing error of O'OIi feet. An 
error of 1 millimetre in a kilometre indicates a very high degree of precision, 
while 5 millimetres error in a kilometre is regarded aa below precision standard. 
It is obvious that changes of level of a few inches in an area can be detected 
and measured. They are commonly associated with earthquakes or subsidence 
due to mining. 

By connecting through to the datum line, the precise height of various spots 
can be determined. In Britain there is a network of precise levels about 25 
miles apart, marked with concealed fundamental bench marks based on solid 
rock, Second-chua bench marks, diaooririblo on relatively permanent structures 
and buildings in ihe form of broad arrows, are about a mile apart. Third- 
class bench marks take the form of topper rivets let into horizontal surfaces 
about 41 JO yards apart. As in theodolite triangnlation, so in levelling, the 
utmost precision is attached to the primary work. Longer sights are permitted 
for the secondary work, while for the tertiary fewer readings are taken on the 
staves, and they are placed only approximately equidistant from the spirit- 
level. 

As bench marks are shown on till fairly large-scale official maps, and tJieir 
height is either given or may lie looked up in bench-mark list*, any route can bo 
levelled or land contoured relative to the national datum line, simply by con¬ 
necting up with the nearest bench mark. Connexion with more than one pro¬ 
vide* a check. And in oil surveying, every measurement mttst be checked either 
by repetition or by alternative path. 





CHAPTER TEN 

REPRESENTATION OF RELIEF 

Most features are readily slimrn o n maps cither by drawing them to scale or 
arbitrarily out of scale,, by ctuoractemtie drawings, or by conventional sign*. 
Relief offers a peculiar problem because it involves the third dimension h Saxton 
and other early cartographers drew bills in profile; and though useful in its 
day, the method had obvious disadvantages and limitations. With improved 
means of determining altitude, the possibilities provided by eolour-prmtmg* 
atm\ & good deal of experiment! new methods have entirely superseded the old, 
as may be seen by reference bo Plates II. HI I\ and VII. Present methods 
deserve social notice and may be summarized under the following headings; 

1. Spot Heights, 5. Hachures. 

2. Contours. 6. Hill Shading. 

3 + Form Lines. 7. Shadow^ 

4. Layer Colours. 

The first two arc exact methods, the remainder pictorial. 

1, SroT Heights 

From Hie previous description st is evident that the altitude of am" number 
of points can be determined and their position and altitude marked on the map. 
Alone, they fail to give any general idea of relief* though helpful in revealing 
the heights of hill summits or points along a road. On large seats plans they arc 
frequently the only indication of relief. 

2. CbsrrorjRS axu Cwroimrsb 

There is much misconception about contours and contouring, probably owing 
to the way the matter la first presented. Early in life om receive a piece of 
paper liberally sprinkled with dots and numbers which are said to be spot 
heights. A perplexing half-hour ensues steering a ^ncil with high numbers to 
left and low ones to right* or vice versa. The result is said to be a contoured 
map, and various definitions are evolved about imaginary lines at a constant 
height above sea-level. Consequently people grow' up with ike idea that 
Contour* are drawn Una way. The only case where- the method applies Is in 
drawing under-water contours* from soundings Incidentally; the frequent 
reference to imaginary lines in cartography is somewhat curious, since they are 
usually no more Unagtnnry than the lines which go to make up ihe diagrams in 
this hook. 

The method used in contouring depends to » great extent on the scale of the 
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work. Consider first large-scale engineers’ plans, and suppose that from 
precise levelling the height of a given spot is known. The surveyor sets up hie 
level near by so tluit a rod resting on liio known spot can Iw seen. A target 
nr other indicator i* moved up or down the rod till it comes into the telescope 
si'dit The assistant then moves forward a reasonable distance. In response 
to signals he moves up or down slope until the indicator on t he rod again comes 
into the telescope sight. This mean* that Hie foot of the roil is on the same level 
as before. The position is marked on the ground with a peg. The assistant 
moves forward again, and the process is repeated. As often necusswy, the 
surveyor moves the level forward. The position of the pegs is marked on the 
map by traverse pkoe-tabUng, or by some other method already described, 
as bv taking into account direction and distance. For this purpose, distance 
may lie measured with a stadia rod as described in the section on plane-tabling, 
or by offsets from chaining lines. The contour is drawn by passing a ime 
responsive to intervening terrain through the peg marks un the map. Other 
contours arc aim daily run at chosen vertical intervals. 

The work is obviously fairlv slow and toliaus. hut by a discriminating choice 
of peg stations, as on spurs and in valleys, much 1 ime is saved without saenhemg 
accuracy. This will be realized if the hand La placed Cat on the table, fingers 
outspread. The onlv marks essential to contouring the lingers or spun,, table as 
datum would be near the tips and bases of the fingers. Comparatively few 
levelled points would enable the back of the hand, representing the Cattish 
hill-masses, to be contoured,since the drawing is done with the area m view. 

As the surveys of Britain were done on a large scale, the main contours were 
accurately levelled. Hot practically all contouring on maps made initially on 
a small scab, and hence that on the national map* of most countries, is drawn 
in ou the plunetabfe ahret as work proceeds, Heights are thrown to distant 
twinte of detail or brought in to the observers position from points of known 
height All are disked by obwrrotion from at least two pieces. The India 
pattern dinoineter is msualin British work, and the telescopic alidade is standard 
for American The plane-tobler develops an eye for sketching m the contours 
between his spot heights, always with thtlandbefor* him, but it is obvious that 
their accuracy of position cannot compare with tliat ofother @u < e ■ 1 ' 

It is remarkable tlmt contouring us a means of showing relief ww uttb 
known or used until a century and a half ago. Various people apparently fell 
on the idea, os they described their experience, and developed it independently 
in Europe and the United States, 

As ail exercise in contouring. raya may tie drawn from a ntot ion outward- 
in tbe direction of significant slo[*&s, along spurs and vdtom Having 
measured a [MkrtieuLir a!o|ie in degrees, thin Busty concerted into terms of 
die or fall from tables or from the formula HE = Ff X §7-^, />. I £ the station is 
at 1,000 feet, the ground doping away in one direction at S & B and it is desired to 
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contour at intervals of 50 feet, lids gives tl ft. x 57-3/5=573 feet or ID] 
yards. By scaling along the ray lengths of 1D1 yards outward from the station, 
the position of the contours 950 Feet, iKHi feet* BSD feel* and so on : may be 
marked, m long as dope is constant. Where elope changes, it is necessary to 
&et- up again, resect for position, and injure the new dope. After enough 
contour marks have been made* and with the Landscape as guide* one contour 
after Another may be sketched in. 

It ia evident that something of the same sort would be possible with the 
aneroid barometer, by walking along (Significant doj>cs, and stopping to mark 
the point on the map at which the pointer indicated a fall or rise of a chosen 
vertical interval* The aneroid might be the most convenient instrument to use 
hi a deeply wooded gorge. There is little error when working between stations of 
known height. 

In the Textbook of Topographical Burvtyitt# the following generalisations are 
made as to mot boils by which contours would be determined so far as scale Is 
concerned, though of course tbe purpose of tbe map, as well as the time and 
money available, would lie taken into account. 


Smh: Inches to the 
Esramdirtg 4 



1 and smulkr 


Method of ooniaurintf 
Love!* theodolite. or wnlerdeveb 
Water Jmi or duiomuOT* 

Water-level, aUnomattr* or aneroid barometer. 

Clinometer, aneroid barometer, or sketch'^OPto ms by eye- 
Sketch-contours by eye* 


Where contours are determined by level or theodolite, detail is surveyed 
before eon louring is commenced. Where the contours arc approx i in ate and put 
in by the other instruments or by eye. contouring is carried out during the 
survey of detail. Methods ef contouring hi connexion with air-photo survey 
have already been mentioned, and need not be repeated* 


3. Form Itm 

At times contours are drawn in by eye when a surveyor has few or no fixed 
heights to control the work* *Such lines are meant to show the form of the land, 
and are called form lines. The degree of control which differentiates between 
form Sines and contours is laid down in the terms of each particular survey ^ 

In Britain, contours were accurately levelled over most of the country at 
50 feet, 100 feet, 200 feet, &c. to 1,000 feet, and then upwards at intervals of 
250 feet. On the present l -inch maps, the contour interval is almost always 
50 feet. tius being achieved by the addition of sketched contours. These are 
based on a very dense net of low 11 mg, and mi kilt sketches made with great care 
fur the original haclnirmg. They therefore re.d ou it surer foundation than the 
original contours of moot ot her national maps., In any case it should he remem¬ 
bered that contours are used not so much to allow the height of a particular 
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spot, as to give ti sound impression ofrelief. On tho present, fl inch maps instru¬ 
mental mwl sketched contours are differentiated, though as a rub only tho former 
liic shown. On the new 6-iiU'h maps contours will probably bo at 25-feet intervals, 
ail instrument ally surveyed. 

On small-scale maps, such as one-rjuartor inch to tho mile, instrumental 
contouring would largely f» a waste of time. Form lines are as a ecu rate a 
representation of relief as is consistent with email scales, 

4. Lay SB Coloitbs 

One way to aid visual interpretation of relief is to colour between contours, 
This system, known as layer colouring, is therefore not an independent system, 
but is inseparably linked with contours. Since many more contours are used 
than tho number of colours which could be conveniently and economicalJy 
printed upon a map, one colour often lias to cover the same range of altitude os 
several contours. Certain detail tends to be obscured, especially on higher 
ground where darker colours are used. Fortunately it in here that there is 
usually bast of human activity to record- Probably because layer colouring 
was developed in temperate lamb, lowland is shown in greens, highland in 
brow us. Tiiis convention would prove less graphic in certain desert regions 
where lowlands are actually brown and tho highlands show a little green, and 
leaa convenient in areas like Pern, where most indications of human activity 
would have to be printed over the dark browns of the highlands, and little on 
the desert lowlands. There are also extensive flatfish plateaux in areas like 
South Africa and Tibet that appear a monotonous brown against which features 
in black do not Bhuw up dearly. 

5. IJachcurs 

Another wnv to aid visualization of relief is by using hnrhures, These sre 
short lines drawn down the elope of the land, sn amplification of the Imiry 
caterpillars of a century and a half ago. The lines are thickest and most crowded 
where slopes are steep, thin and for apart where land is fairly flat. Areas winch 
are quite flat, whether highland or lowland, remain blank, liachuriug is rarely 
appreciated at first sight, but familiarity develops a certain admiration of tho 
method, Tho earliest. Ordnance Survey maps of Britain wore rather crowded 
wit h hacliures but had no contours. They had spot heights, however, ami many 
f ample favoured that com lunation. On many modern British maps liachnring 
in a subdued brown or purple is often combined with contours and spot heights, 
Relief on some European maps, notably of Switzerland, is excellent iy portrayed 
by hochures, with or without contour?. Occasionally imekuriug is seen which 
runs along the slope instead of down it. The work requires considerable skill 
both in tho field and in the office, and is consequently expensive. Thnro fa 
nothing absolute about it, hut features which are sometimes missed by contours. 
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such as small gullies and knolls h are well brought out* The flatter land remains 
clear and bo insertion of cultural detail, greatest on the Hatter land, is not 
obseiired. Ilaclmring has been used hardly &t at Sin America* but here important 
small features are sometime® picked up by a alight deviation of contour from 
its correct level* 

G. Hu t Shading 

Bill sliudmg, which is sometimes called stippling, is executed with a stubbly 
brush. The idm is. to bring out relief as it would be seen on A relief model lighted 
from above. The flat parts appear light, the slopes rather darker. 

7. Shadow ob Oblique Hhjl Shumo 
Occasionally a shadow effect- Is obtained by stipptibg a map to represent relief 
as it would appear if t he area were lighted from the north-west corner. This is 
the direction from which light actually comes to ft map which has north at the 
top, as iseeu by a person examining the nmp T Iracauso hie body blocks the light 
from the south, and hte right hand that from the east. The effect la not always 
sounds because an escarpment facing the north-west is not brought out at all 3 
though one facing the south-east m seen by the representation of shadow. 

The whole difficulty of showing relief by a uniform method which would 
rentier comparison of amm easy is that a method ideal for a region of high 
relief hr anstiitcd to one of low relief. Thus, whenever u single method or 
combination of methods m decided upon in the production of maps in a national 
survey, some sort of oompromise is necessary to make possible a representation 
of all types of topography* 



CHAPTER ELEVEN 

MAP PROJECTION: CYLINDRICAL 

Is making a plan of a small area,, no difficulty is encountered due to earth curva¬ 
ture, When an extensive area is surveyed, however, earth curvature has to bo 
taken into account, and it is necessary to examine at (east the commonest 
conventional methods of dealing with the pro Idem. The difficulty can most 
cnally be appreciated by t.iikiking in terms of a world survey, and having regard 
to the network of parallels and meridians rather than to topographical features 
which, must perforce be drawn in their proper geographical positions within the 
general framework. Attempts to copy Hues of latitude and longitude from a 
globe reveal the need to adopt some scheme or projection, mid examination of 
atlas maps confirms the fact that various schemes are employed. As a result 
of some, Greenland looks as large as South America: others maintain relative 
areas, but there is obvious distortion of shape. 

The triaugulation to determine the relative positions of points is the same 
regardless of the projection to be used in drawing the maps, but the spacing of 
points to determined can bo computed for any particular projection. 

For purposes of study* the common projections may bo divided into three 
groups Cylindrical* Conical, and Azimuthal lo the cylindrical group, the 
graticule can be conceived m resulting from the wrapping of paper to form a 
cylinder about tbe globe and projecting lines of latitude and longitude on to it f 
then unrolling the cylinder to form an oblong. Lines of latitude come out as 
parallel straight lines across the map from east to west; meridians as vertical 
parallel lines their truc-to-scale distance apart along the equator. An example 
is i*een in Fig. 41. The conical group can be conceived as resulting from the 
projection of meridians anil parallels on to a cone placed over the glolje, the Hue 
of contact being a parallel On opening, the cone forma a sector of a circle; 
parallels are concentric arcs and meridians are radial Utm from the 
of the sector. An example Ln seen in Fig. 5l> + Tbe asrimuthal group can Im? 
regarded as result in 14 from the contact of a fiat ploce of pape r with the globe. 
Thk would only be at one point, but If thU were the pole, parallels would bo 
projected on it as concentric circles, and meridians as radial lines from the pole* 
as in Fig. f*S. 

It should tse noted that cylindrical conical and azimuthal project! orus need 
not bo the result of contact respectively along tho equator, an intermediate line 
of latitude, or the poles, since the globe could be turned to make contact in 
region* other than these. and also that in practice projections are constructed 
by geometrical methods after determination of the spacing of meridians aud 
parallel by mathematical computation. 
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L Central OruxtomtA l and Cylinmiical Equal Area ErOjecttoKe 
Consider first two method* of coi^truetiug cylfrfMcal projection graticules. 
In Fig. 41 the meridians have been drawn aa parallel straight lines spaced at their 
txue-to-setite distance apart along the equator, the theoretical Una of contact 
of cylinder and globe. The position of the lines of latitude has boon determined 
by producing radii at- fixed angular distances till they cut a line tangent to the 
equator. It will be seen tlmt they become progressively farther apart aa distance 


Kin, 41* Central cylindrical projsvttion. 


from equator inerea^s, and that on this projection the poles could not he shown. 
Such a projection, known aa the Crntrul Cylindrical* has few properties to 
reooiiimend it, apart from simplicity of construction. 

In Fig. 42 meridians have been drawn as in Fig. 41 Imt the stpuc?iug of the liuea 
of Latitude has iieen determined bj r dra wing lines parallel to the equator through 
points on the circumference at fixed angular distances from the centre, in 
other words, the point of projection has been moved from the centre of the 
sphere to infinity go that projection lines trtcume punillol. It will be seen that- 
polar regions can bo shown on this projection, but they are very" com pressed 
in one direction and elongated in another. 

Ix- can be proved geometrically that the sphere N A 8 B lifts the game surface 


























MAP PROJECTION CYLINDRICAL S9 

area as the rectangle iV^ iV a S 2 S v , if this rectangle is the same height as the 
sphere and is equal in length to the circumference of the sphere. The full length 
in act shown in this figure. The dimensions in terms of /?. the radium of the 
sphere* are respectively 2E and En.fi. The area of the rectangle and of the 
sphere id consequently 4^^. All zones on the globe have the same area as 
corresponding strips on the rectangle. The projection is therefore described as 
the Cylindrical Equal Artu. Distortion at the pole* limits its usefulness, but 
in the equatorial regions there is very little distortion, which combined with 
its equal-area property render it suitable for tropical distribution maps* for 
example of negroes, coconuts, or rubber plantations 

2 + Qm.'S Ster e oc. r a Pine Pnoj£:crno^ 

In Gall'# Ster&ffmphic Pngedivn the point of projection is neither at the 
centre nor at infinity as in the previous cases, but is on the circumference of tha 
circle at E in Fig. 43. The cylinder is no longer regarded as making contact 
along the equator, but at 45* north and south of the equator. These parallel* 
are made their true-io-acale length and subdivided as required* Through 
division points vertical parallel lines ure drawn to represent meridians. Au 
approximate graphical method of obtaining truc-to-scale divisions along any 
parallel is dosed bed in connexion with Fig. 4§. 

Although the projection lias often been used to show world distributions, it 
has few properties to recommend it. There is less distortion of polar areas than 
in the cylindrical equal area, but on the other hand It is no longer equal-area. 
Temperate regions, often of importance in distribution maps* are reasonably 
well shown as t here is least distortion of area in those parts of the map. Unless 
flails name Is invoked*the etereographie projection is taken to mean tho ono 
described in the azimuthal group. It differs considerably from Galls, 

3. SlMFLE C-YUifDlUCAL AND MERCATORS PROJECTOR 
It is evident on the gbbe that all lines of latitude are the same flint juice apart, 
A series of parallel linos can therefore be drawn at their true to-scale distance 
apart, to represent the lines of latitude, making each one the same length ns tho 
equator. At right angles to these another series of parallel lines can bo drawn to 
represent meridians, spaced lit their true to scale distance apart, measured at 
the equator. A scries of squares result*, and the projection is known as Lho 
Sintph Cylindrkid or Pint* Carrie* It- has few merits except simplicity of 
construction, and tho fact that distances measured along meridians are true to 
settle. P* jlar sirens are considerably detuned by expand™ along lines * if latitude. 

A mure difficult cylindrical projection. but the one which is most- msed, i$ 
Mmator'#* Tho examples nlremly described, with the exception of Gall'd 
stereograph ic* have one feat ure in common, namely that ail linos of latitude are 
drawn tho same length ha the true-to-stab equator* and therefore all lines of 




Fltu 42. Gniphk'ul ccdatructiqo of cylindrical equal-rare* projection* 



Fio, 43. GttlJ'a i^mpliic projcic showing construction for la 1 Eel- 
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MAP PROJECTION: CYLINDRICAL 
latitude except Uie equator are exaggerated in length. Tlie (SOtli parallel is 
twice a* long as it should be. The 75th parallel is fifteen time® n® long, and the 
80th parallel is tliirtv-three lime® a® tong as it should he. Mercator balances this 
exaggeration by exaggerating the distance apart of the parallels by the same 
amount, as seen in Pig. 44. Thus, amen the <Mlth parallel i® twice as long a® it 
should lw ( the line® oflatitude in this zone are placed twice a® far apart as they 



should be. In other words, the stale along both parallels and meridians is equally 
exaggerated at any one spot. That is only another way of saying that at any 
one spot the scale is the same in ail directions, though it is not the same in 
equatorial a® in temperate region®. The poles can never be shown, because the 
80(h and 00 th parallels have to Iw an infinite distance apart to balance the 
infinite exaggeration of distance bet ween meridian® at the pole. 

Mercator s projection ha® interesting properties. Because tlie lines of latitude 
aud longitude are at right angle® as on the globe, and the scale at any one point, 
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or In practice over any small area, fa the same in all directions, nnd not In one 
only, as for example on the simple cylindrical, shape ia very veil maintained. 
For thlfc 1 reason the projection is described as O rfhumor phir r or true to shape, 
though it is only true in theory of any given point, and in practice of a limited 
area. Another property of Mercator's projection fa its gross exaggeration of 
I*obir areas, and on this account it should never be used for world commodity 
or territorial distribution map&, though it lias been commonly employed to 
show the British Empire. For reasons to be described later, it is a useful projec¬ 
tion for umjm showing direction, as of winds and ocean currents. Mercator; 



Fig. 4 a. Rearing Been on (a) Mercator's project ion, and (ft) jrbnpln 
cylindrical projection. 

bowoTOTt is most valuable in connexion with sea arid sir navigation. If a pilot, 
wishes to get from his position A to a point E he need only join .4 to B on a 
Mercator map or chart, and navigate the compass course indicated by 1 tie 
direction of the Imo, A similar line on any other cylindrical projection would 
not be a line of true bearing. This is shown in Fig. 41> n which represent* the 
intersectinn of the 45th and 60th north parallels with the meridians 15* and 30° 
E. spaced firstly according to Meritor and secondly a eluding to the aimple 
cylindrical projection. On Mercator the direction from Flume to Leningrad in 
**een to he approriniatdy north “Cast by north, but on the simple cylindrical, 
due north-east. Both directions cannot be correct. Investigation of the 
problem on a globe will be sufticicnt to indicate tbal the direction shown on 
Mercator fa more likely to yiedd the desired result. If a north east course were 
followed by a pilot, ho would probably end up in the Pripet marshes instead 
of at Leningrad, 

One other point should be noted before leaving Mercator. It will bo seen by 
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stretching v piece of string round the globe that tlio lino of sliotle.^ distuie® 
between two places, otJbbb both are on the equator, never cote successive 
meridians lit a constant angle. Therefore ihe shortest distune© between two 
pirate, which is always along the lino of a great circle or globe circumference, 
is not the same as a line of constant bearing described above, since this cuts all 
meridians at a constant angle. The great circle rout© between places on a 
Mercator s projection conies out os a curved line, which means that on flat paper 
it is actually longer Ilian the line of constant bearing, though the re verse is true 
<m the glube. In practice, great circle routes are plotted on a Mercator projec¬ 
tion and then broken into a aeries of fejudroHir.v or thumb lines as the lines of 
constant bearing are called. Direction is then changed at predetermined points, 



Fto. -ifi. Cuswua projection, (a) Position «f poinU H and iV us 
dialled in relation lo O on the sphere (6) Positions as Bet out on 
tho proj^tion- 


say, every 500 miles. The point is quite easily appreciated if the map and globe 
are studied in conjunction, an in the draw ing of Kg. 44, but otherwise confusion 
of thought is likely to arise, 

4, Cassini's PnoxEtriiojf and the Transverse Mercator 
Two other projections may be considered in connexion with the cylindrical 
group, and though not as easy to understand us the previous, they are important 
for topographical maps of lindted areiw. 

Ca^tim.i Projection has boon employed for practically all Ordnance Survey 
maps qf England, both large and small scab. To ivssist in understanding it, 
reference should be made to Fig. 46, winch represents a globe, with diameter 
AB and CD at right angles to each other m the plane of the equator, Xii is tho 
polar axis iwrpenilicuJar to this plants, Any great circle drawn through C and D 
will cut the great circle drawn through ASUS at right angles, but oidy one of 









Fiu, IT. Thu Traiisvor&is MartftJof Projection.. 
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these great circles c«u he drawn through a given point, such as H elsewhere on 
the globe. It is very necessary to appreciate the full significance of this sentence 
to appredato the construction of the projection, mid its successor, the Trans¬ 
verse Mercator, A central meridian 3AN is chosen, and on it a suitable |H>int O 
is taken as map centre or origin. To fix the position of a point // the great drde 
CUD is drawn cutting the central meridian at right angles, as at the point 
K, The lengths to scale of OK and KH :ire then calculated by spherical 
trigonometry and set out at right angles, as in Fig, 4G (b). The position of all 
essential points is similarly Used in relation to point O, and so the net is drawn. 

It will bo recalled in connexion with Fig. 4G that any number of great circles 
could be drawn on CD as diameter, and that all would out A KBS at right 
angles. If V and D are regarded for a moment as tho North ami South poles, a 
series of great circles through them would resemble meridians. In constructing 
Cassini’s projection we have in effect straightened out these great circles as in 
a cylindrical projection and treated the central meridian as if it were the equator 
of a cylindrical project ion. It is obvious also that lines such as KH on Fig. 46 (a) 
converge towards V, but in constructing the graticule, they are made jiarallcl to 
each other, because all are drown at right angles to the central meridian, as is 
AD in Fig. 46 (b). Therefore on Cassini’s projection distances along the central 
meridian are true to scale, but distances on ail other meridians are too long, 
Alan extreme distance of 17u miles from tho central meridian, tho exaggeration 
is 6 feet in a mile. On large-scale plans tills would be noticeable, and hence 
some half-dozen different central meridians wore chosen for groups of counties. 
Cassini’s projection is therefore not suitable for topographical maps of countries 
of great extent from east to west, though it is suitable for countries of any 
extent from north to south. 

Regan! Fig. 46 once more ns u globe with poles at £7 and D and a cylinder 
touching it along the original great circle AXES, now regarded as the new 
equator. To construct Mercator the meridians passing through the [nil®* C and 
I) were drawn as parallel lines on the cylinder and greatly elongated to balance 
'their exaggerated distance apart hi polar latitudes. By means of this exaggera¬ 
tion tho projection was ninde orthoin orphic. In the same way, reverting to the 
original conception of Kg. 46, distances along all great circles could be exaggera¬ 
ted in constructing Cassini, till it became an orthomnrphio projection. This is the 
Transfers Mercator, Qmt&s Conformal, or Transverse Cylindrical Orthomorphic , 

It will be realized from Fig. 46 that the actual graticule will have tho central 
meridian as a straight line down the centre of the map and that the meridians 
will radiate outward from tho polo, as in Fig. 47, resembling nets on Bonne’s 
projection placed [role to |*ile, The parallels are almost circles near the pole, but 
rapidly Itet'Oine drown out in the direction of I he cylinder’s axis. The equator 
forms the south and north edges of the map. Thus, there is Utile distortion near 
the central meridian, but a good deal cost mid west ofit as shown in Fig. 47. 



CHAPTER TWELVE 

MAP PROJECTION: CONICAL 

So fnr h to luivo been concerned primarily with the spacing of parallel]* mid 
meridians on a plane, that of the piece of puperon which the graticule is drawn. 
It is now useful to consider the actual spacing of these on the globe, 

l. SpaOTNO OF FaIALLKLS A> T 1 * llEliEDIA^S OS THE GLOBE 
Suppose that Fig. 48 represents a globe to scale, and that EQ ia the equator 
and N3 the polar ax ia* The latitude of a point B is defined by the angle BOQ 

at the centre, in this case 15° N- The parallel L5 3 
N. is a line round ike globe at constant distance 
BQ from the equator. By means of auch a figure 
the true-fco-seale distances between parallels can 
always lie found. For practice in the construction 
of graticules, it is sufficiently accurate to use 
the straight-line distance BQ instead of the arc 
distance. 

So long iie the angular interval bet ween parallels 
b unif orm, ike distance between them on a given 
scale remains the same. But this is not true of 
meridian#* They me farthest apart at the equator, 
and meet at the poles. The distance between meri¬ 
dians at any given latitude can be ascertained by 
trigonometry, or again there is a practical method accurate enough for drawing 
practice, and demonstrated in Fig, 48, At the centre of Lhe circle a quadrant is 
drawn with radius BQ. If wo require to know the distance apart of meridians 
at 10* intervals on a globe uf railius QQ, radii for the required latitudes such as 
15 Q N. r 4S D N. F anil 75 L ]$. arc drawn and lines parallel to QQ are const meted 
through the point* of intersecticm of t-hese radii and the quadrant. The distance 
apart of the meridians at these latitudes is then approximately equal to LAI, 
*YP. and RS respectively, S|iacing of meridian* at 20° tatorih would, be 
obtained by making angle BOQ 20*. and proecetling as before. 

If the circle ESQ.N is regarded for a moment as the equator, meridians at 
interval# nf 15“ would t>e spaced along it at distances apart equal to BQ. in the 
method described the distance OK would bo used, but by construction this 
equals BQ so that it is seen that approximately correct spacing is obtained 
along the equator. Also, without entering into any proof it la evident that thu 
Hues LM to RS diminish in length as higher latitudes are reached p just as 
distances Lelv. eon mer Lili an a decrease on the globe os the pule 1# approached. 



upprpadnuitci truK-toiSctrfd 
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2. Simple Cqnioal with Oke Standard Parallel 

As originally described, the conical projections can be regarded as resulting 
from the projection of the graticule on to a cone fitting over the globe and 
making contact normally along one of the parallels. A simple case is shown in 
Fig. 40„ in which the cone PX 7 fits over the globe, making contact at 5U* N. 
On opening or developing the cono s the sector form in Fig. 50 is obtained. 
The arc has its centre at P and radius PX or PY . 

On Old above principle a map net or graticule can bo constructed, and Fig. 
50 agwx tused In illustration. A circle is drawn to represent the globe, a radius 
is drawn to a chosen latitude, say P 50° N. t ami from that latitude on the circum¬ 
ference a tangent to Intersect the polar axis produced gives the required are 
radius, A central line PL represents the central meridian. % is its intersection 
point with the standard parallel, as t he chosen one is called. I he approximate 
true-to-scute spacing of parallcia can be determined as in Fig, 4&, and marked 
outwards north and south from Z along the central meridian, With centre P 
concentric arcs are then described through r.ho marks on PL. The standard 
parallel is nest divided true to scale by calculation or by the method shown 
in Fig. 4 S, division marks being made outwards from J?* Radial straight lines 
from P through these marks complete the graticule* The projection b known 
as the Simple Conical wilk One Standard Parallel. It is of course nectary when 
tiring practical construction methods to employ the same circle to determine the 
radius of the standard parallel as is used to obtain the spacing of parallels and 
m e r id ian a In practice, it is sufficient to have one quadrant of the circle with 
a second quadrant inscribed. 

The htandard parallel and central meridian are chosen at will Usually those 
intersecting near the centre of the area to ho mapped prove suitable. The 
projection b most used to show areas of limited extent in temperate latitudes 
By construction the scale along the meridians in correct, and along the 
standard parallel, but It b exaggerated along all other para I lob. The pro¬ 
jection is therefore not equal-area, nor orthomorpliic* but it is simple to con¬ 
struct and b much used. 

3. Bonne, S anson-Flamste a i> T and Mollwzhh 

A slight modification of the graticule results in a projection having the 
merit of maintaining equal area. Instead of dividing only the standard parallel 
correctSv, all parallels can bo divided true to scale. The meridians are drawn by 
joining up corresponding division marks on the paraded and consequently they 
lire no longer straight^ but curved. The projection is known as Ito/ttte 1 #. By 
construction it is an equal-area projection and is much used to map extensive 
areas in temperate latitudes!. As in the conic with one standard parallel, 
the standard parallel and the central meridian can be chosen at wilt* The 
graticule shape of a limited area b shown in Fig. 51. 

4Smi u 
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If in drawing a series of graticules on Bonnet projection, the parallel chosen 
as standard Is taken progressively nearer to the equator, the parallels become 
Jess and Je?3 curved, as deiuoustrated in Fig, 52. 

Finally, if the equator itself is regarded aa the standard parallel, the radius 
FK becomes infinitely long, the standard parallel, the equator, ceases to 
have any curvature at all. and alt parallels become equidistant straight liases 
Meridians are spaced &s before and the projection is still equal'Area P but it id 
now called the Sinusoidal or San^t—Flamsteedr Historically the credit goes to 
Sanson. The whole world can be shown, as in Fig- 53+ though then 1 con- 
side table distort Eon at the edges. The projection is especially" useful 
astride the equator such as South America or Africa, provided a suit able 


Fia* 49, tom? titling over globe. 


Fiu. 50- Cotm opened out. and graticule of conical 
with op standard p&rullol drawn upon it. 


central meridian is chosen. It is not a true conical projection but a special 
case of Bonne. 

Another projection doaely resembling the sinusoidal is JHoSmidt*e. To show 
tlie whole world* an easd-to-west line is first drawn to represent the equator 
and a line half the length is made to bisect it at right angles to represent the 
central meridian. An ellipse is then described about these lines as axes. If the 
central meridian wore equally divided and linos drawn through the division 
marks parallel to the equator 1 the strips or zones would not he equal in area to 
corresponding strips on n globe. The strips in the tropics would be too small 
in urea and those in polar regions too great. In order to make this an equal- 
area or equivalent projection, the parallels must be unequally spaced by 
mathematical computation. They are slightly farther apart in equatorial than 
in polar regions. Parallels i*re then divided into any required number of equal 
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parts and corresponding division marks joined g hence the alterpntive name. 
Elliptical Projection, It is equal-area by construction and k useful for difrtri- 




Fiq. GL Bonne graticule to atoow ssimpo. Standard parallel is hen? 30* N- 

tt. 


Fig. 52. Curvature of pnmllcli varii« with Imitate of Mimtianl jkamLM. 


bution maps of the whole world, the world in hemispht-ros, or areas astride the 
equator. There is less distortion at the edges than on the sinusoidal. The siirq>o 
u shown in Fig, 53 m comparison with tho sinusoidal, like the sinusoidal it is 
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not a conica-l projection, but it is oonveuionUy described as a development from 

the conical group. - 

It will be seen that two of the meridians in Moliweide form n circle which 
contains half tho area of the ctllip-Hc, Since the ellipse should contain the 
same area as the sphere* namely, 4nr R* as described In connexion with the 



Fio. 53. SiiaistiJiliil projection shown hy dotted UafiS r and lloUwoid^d projection 
on tlio earns iuale ahowii by solid lines. 

cylindrical equal-area projcction T the area of the Mollwoide circle should iw 
Its own rod ins r in terms of r + is therefore obtained by tho formula 

Circle Area* tt* 4 = Stt/?-, Hemisphere Area, 

r = M 

Jf, for example, the globe has a radius of 2 inches* then 

r = V2 X 2 

= '2* S3 in. approximately. 

The circle there Fore has a greater radius than the globe „ and tills point is worth 
remembering as it renders necessary a different approach from that made in 
drawing the sinusoidal projection* 

Of the equal-area projections already described which can be used to show 
the whole world on one sheet, namely, the cylindrical,sinusoidal, and MoUweide, 
the latter two suffer much distortion at the edges. In some atlases an attempt 
haa been made to reduce this distortion by choosing more than one central 
meridian and proceeding to construct the projection as before, working out¬ 
wards from tlio chosen meridians. The result Is that certain areas aro less dis¬ 
torted r appearing to occupy a central position on tho graticule, and that 
interruptions occur in areas unimportant to the purpose of the map, commonly 
the oceans. An Interrupt'd MottMidz is shown in Fig. 54- 

















Fig. m. Interrupted MoUweido projection to show lain! masses. 


fici. 53. Polvecnw projection. Cripliio*! eoiurt rue lion. 

instead of Laving a common centre P, tho radius of each is determined us 
though it were the standard parallel, then measured buck along PL from its 
appropriate mark, and drawn In as shown in Figure 55. Parallels are then 
all divided true to scale, and the division marks joined up. The projection is 
therefore like a whole aeries of cones touching the sphere at different parallels. 
It is not equal-area, but the scalo is tree along the central meridian and along all 
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4, PoLYCONTO AND CoNICAU WITH TwO SrANOARO FaHAU.YLS 
Before leaving the subject of conical projections, two others call for dcscri|i 
tion, the poly conic and the conical with two standard pnrallflla. The yewtw: 
is essentially the same in constructs — tW Artfli ' t ftne standard n&ralleh 
All parallels cut the central meridian 


ie conic with one at anrlard parallel, 
Irue-tO’ftcaJo distances apart, but 
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parallels. There is much distortion at the edges, but the projection is not 
used for a single map of largo ureas. It is mainly employed in a modified form 
for the international million map, and is referred to under projections for topo¬ 
graphical maps, 

Tfir Conical with Tteo Standard Parallels, also called the Secant Conic, is much 
used for countries in temperate latitudes. A graphic approximate construction 
is quite simple. A straight line representing the central meridian is first drawn 
and divided true to scale m for previous conical projections. At those marks 
niiich represent the intersection points of the parallels chosen to bo standards, 
XX'm Fig. 56, lines are drawn at right angles to the central meridian. Along 
each of t hese a true-to-scale distance XY t X'Y' is measured outwards from the 




Fig. GG, Conical with two standard parallels. Graphical approximate 
rcjimrtielion with 30" N. and SO" M. nu ntetiLini parallels. 

centre] meridian, A line joining the marts YY* ie produced till it cute the 
central meridian at P, and this new intersection point as taken na the centre 
for concentric arcs representing parallels drawn at true-to-scalo distances 
Radial straight lines passing through true-to-se«k marks on one of the standard 
parallels represent meridians. Since parallels are true-to-scale distances apart,, 
dCnle is correci, along all meridians, and also along the two standard parallels. 
Between the standard parallels the scale along lines of latitude h too small, 
and outside them too great. The wap is therefore not equal-area, but errors of 
scale can 1m> well distributed by wise choice of standard parallels. It is more 
nearly ortholtiorplnc than Bonne's, and though not suitable for countries 
having a great extent of latitude, it is suitable for any extent of longitude. 
The continent of Europe or countries within the continent are successfully 
drawn upon iU 









CHAPTER THIRTEEN 

MAP PROJECTION: AZIMUTHAL 

The final group of projections, the azimuitials or zenith ab. results from the 
projection of lines of latitude end longitude on to a plane surface regarded as 
touching the globe at a chosen point, Consider those eases where the chosen 
point of contact is the pole. All meridians will appear ss radial straight lines. 
A series of concentric circles about the pole represents the parallels. 

I. Zenithal Eqfidistant abt> E-j cal-area Projections 

If the concentric circles are spaced at 
truo-to-swde distances apart Measured 
along the meridians, the projection U 
known as the 2fSilW or Jiiiimlfci 
Equidistant. It is easy t« construct, 
and distances along meridians are 
correct, but distances along parallels are 
too great. At 70° N. or S. exaggeration 
slightly exceeds 2 per cent', and the 
projection is consequently not equal- 
drtft. It is obvious that to an explorer 
at l he pole, once bis map has been 
correctly alined for longitudinal direc¬ 
tion, the direction of all places from 
his position at the centre of the map, 
the pole, is correct. But this property 
of showing true bearing, or azimuth, 
applies equally to all zenithal projections from the point which has ten taken 
a 3 the centre of die projection, though only in the polar cases are the meri d ia ns 
azimuths and the parallels concentric circles. It will be rented that these 
azimuths differ from tire rhumb lines of Mercator, which cut all meridians at 

a constant angle. ... 

It is dear that concentric circles of polar zenithal projections could bo spaced 
according to seme other plan, for instance to maintain equivalent area, lo 
achieve this circles would have to lie drawn closer together as distance from 
the pole increased. As already stated in connexion with the cylindrical equal- 
area projection , shown in Fig. it. the area of a zone or cap on a sphere is equal 
to its vertical height multiplied by the circumference of the sphere. The radius 
of each circle on the projection can therefore be determined by equating this area 
to vr\ the area of tbo desired circle, and thereby determining the value of r. 
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This Zenithal Equal-arm Fraction is commonly used to show polar areaa. 
It can be used successful iy to map area* in any part of the world by choosing 
a suitable projection centre H but the construction in all cases but Lhe polar one 
is difficult, A net fur one hemisphere, equate rial case, is shown in l 1 i|p ft7. 

2. Tire Gnomostc Projection 

Another way to space concentric circles in polar zenithal projections would 
bo by projecting them on to the plane from a point at the centra of the globo, 
as shown in Fig, 58- In order to draw a gratknle, radial lines are first drawn 
to represent meridians, and the radii of the concentric circles representing 



Fig. ss l Omnremie projection, graphsetd construct Lon of polar caw. To Complete 
the wX ttiH part above Alt in rented again fcwlow AB+ 

parallels are measured along the tnngent AS. The dist&neo apart of the 
parallels increases rapidly from the {vole and the equator cannot he shown 
at alL Consequently this projection, known ns the is not much 

used except for charts of polar ecus and large-scale charts of harbours, ft. 
has one property of special interest, however, which holds good not only 
in the polar case, but in every other case. namely p that my part of a great 
circle comes out on the map as a straight line. A little reflection will show 
why this is bo. The plane of a great circle or globe circumference parses through 
the centre of the globe- Therefore, since the point of projection 1& the centre 
of the gluhe, the projection of the great circle upon the map is the lino made 
between the plane of the great circle continued till it intersects the plane of the 
niap h and two planes always intersect in a straight lino. By draw log a straight 
line on a gnomonie project ion between two given points, it should be possible 
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In plot approximately that pail of the great circle on Gome other projection, 
for example on a Mercator, bv noting points through which it passes on the 
gnomon i c. 





3* STEH^oaBAFJHc, Grthoorafitic, axd Clahjee’s Pboxectiok 

By taking projection points other than at the centre of the globe other 
zenithal projections are obtained- A well-known one is the Shrevyraphic, which 
has the centre of projection on the cir¬ 
cumference of the gloitt diametrically 
opposite the contact point, thereby re¬ 
ducing the rate of increase in the dia¬ 
meter of parallels, as compared with the 
gnotnordo. 

The point of projection can bo moved 
so for away from the globe that in effect 
the rays of projection become parallel 
straight- tines. The projection is then 
known as the Orthographic The con¬ 
struction of the polar esse is easy. The 
parallels are projected on to the plane 
as a series of concentric circles, getting 
closer together as distance from the pole 
increases. They can be spared by the 
construction shown in Fig. 50. 1 he 
meridians come out os redial lines con¬ 
verging at the pole. Distances along 
them ore greatly computed towards t he 
periphery. Now consider what happens 
if the projection is drawn on a plono 
tangent to the globe at the equator, 
as in Fig, 60. Parallels are projected 

at the diHtance apart as in the jjoIat ease, but instead of being con rent no 
circles, they are parallel straight lines. Each meridian on the globe is a half 
great circle from pole to equator. All points on a meridian will be projected 
directly backward on to the plane by the parallel rays of light, so that their 
projection will harts the same form that they appear to have as seen from the 
source of light. That form is elliptical, because a circle seen m perspective la 
always elliptical in form. The only exceptions are the central meridian, which 
appears as a straight line, and the hounding meridians, which form a circle. The 
spacing of the meridians along the equator will be the same on the tsjiactng of 
the parallels, and can be marked along the equator as shown by the dotted 
lines. The net is then completed by passing ellipses through the poli-a and these 


Fid. 5U. Orthographic projection, 
polar i 
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marks on the equator. Drawing may facilitated if it is remembered that 
distances on the flOth parallels north and south are half those on the equator. 
The graticule as drawn, is, of course, for one hemisphere only. 

The projection is easy to draw, but has few properties to recommend it in 
competition with others- ft- eon lx* regarded as the viow of the earth ae scon 
by the man in the moon, and therefore his map of the earth. 


Fjii 80 . Orthographic project ion, equatorial ctiar* 


tf storeographie and orthographic polar cases arc compared, it will be seen 
that the former with its projection point on the circumference opposite the 
tangential plane results in the parallels becoming more and more widely spaced 
as distance from the pole increases, whereas the falter, with its point of 
projection at infinity p result* in precisely the opposite effect. It is evident 
that there is something to be &aid for a projection point between, and various 
mat hemal icisns have chosen specific points to gain desired advantages, Clarke 
took points which varied between l-fie and 1 -35 times the radius from the 
centre of the sphere. One of these projections was taken aa the basis of tbo 
Daily Weather Map of the North Hemisphere, Issued by the Meteorological 
Office m London. The limit of the map is from the pole to 3i>* N Pp hut the most 
significant region is from 40* N. to about 75° N. 
























CHAPTER FOURTEEN 

MAP PROJECTION: CHOICE AND IDENTIFICATION 

On occasion the cartographer is called upon to choose a project ion for a map, 
or io examine critically a choice made by others- It in also desirable to lx? able 
to identify intelligently the commoner projections when the name is not given- 

L Choice op Projection 

The choice of a projection depend broadly upon the jiosition and extent of 
the area to be mapped, and j>artieiil&Tly upon the pnrjiose and scale of the map. 
Consider the drawing of atlas maps first. Regions in tropical temperate, and 
pobr latitudes would in general be mapped upon projections liiken respectively 
from normal cases in the cylindrical, conical and azimuthal groups. The Whole 
world on one sheet could be mapped on carious cylindrical*. the sinusoidal 
MoUweide, or HalTs stereographies For the world in hemispheres choice would 
most likely tie tic tween Motlwcido. the stenographic, or an equatorial zenith*! 
The choice of a projection for a continent, would dejvond large ly upon whether 
it lay in both hemispheres, as do Africa, and South America, or whether it waa 
one largely in the intermediate latitudes like the remaining continents. There 
is iittle visible difference hi the shape of maps of email countries, whatever 
projection is used, and consequently within limits ease of construction may 
dominate choice. The simple conic with one or two standard parallels is fre¬ 
quently employed- 

Ultimate choice of projection will depend upon the purpose of the map* In 
general case of construction and a lack of obvious distortion axe Imjiortant, 
For most, dist ribution maps, equal-area projections are desirable, and for naviga¬ 
tion p ocean currents, and winds, Mercator is to Ira recommended. Every case 
must be considered on its merits. Thus, a sinnsoEda] or equatorial case of the 
zenithal equidistant would probably be chosen for a map showing the Cape tg 
Cairo rail route, and a conical with two standard parallels or Bonne's to show 
the Trans! -SiberiEiii Railway* 

Rather different considerations are likely to Ims taken into account in choosing 
projections fbr national topographical maps- Also different problems arise 
when considering a projection for topographical tnnpe of an extensive country 
like the United States and ft small country* like Britain. In the former case it is 
desirable to use a aeries of central meridians, but for Britain or Chile one centre! 
meridian may suffice. 

Topographical maps prepared for the various governments of European 
countries make use of more than a dozen different projections, motst of which 
belong to the conical group, fle would be expected. Bonne is an easy favourite* 


10ft MAP PROJECTION: CHOICE AND IDENTIFICATION 

It does not follow that all the- imipg of a single country are on the same projec¬ 
tion. of Scotland were on Eonno's projection, tlioae of England on 

etafiamfB. It w&a not till 1932 that the I'inch aeries of Great Britain was put on 
a common projection, Cassini's, and a further change is being made- al! Ordnance 
Surrey maps of large and small scale being drawn cm a Transverse Mercator. 

It is almost impossible to toll from a sing to topographical sheet which projec¬ 
tion lias been employed, even by careful measurement, because the difference 
between one projection ami another is not go great ns the different® arising 
from paper shrinkage and distortion. On wet. days paper swells, and on dry 
days it shrinks, and then not equally in all directions 

For topographical maps of the United States and India use is made of the 
Polyconic projection. Although on this projection every sheet can ham its own 
centra! meridian t it will fit accurately sheets to north and south when the edges 
are lines of Latitude, since the curvature is identical on adjoining north and south 



Fin. OL Fit of adjacent sheets of Ills bii^mational Million Mop. 


sheets, Fast and west edges have a rolling Et with adjacent side sheets when 
meridians form the aide edges, because there is curvature in opposite directioQSi 
On topographic sheets such curvature is hardly visible. 

A modified form of the poly-otmic projection is used For the International 
Map, scale l : 1 million. The sheets normally cover 4* of latitude by 0* of longi¬ 
tude. The parallel* are am with their own centres, but in construe ling the 
meridian# bounding [jo rail vis only are truly divided and division marks are 
ruled through with straight lines. Further, instead of the central meridian 
being true to scale, meridians 2* on each side of the central meridian are made 
true to scale so that the central meridian is rather shorter than normal. As a 
result of these modifications, any sheet will fit with ite four neighbours! and a 
tolerably good fit h obtained with nine sheets, a* shown in Fig, 01* 

2* I n e Fit 1 ation a no Sr itab ft.it v of Projections 

Maps are often printed without mention of the projection employed. The 
following table indicates how the eases of those described iu*y be identified, 
apart from Cassini and the Trans verse Mercator. First examine the meridians. 
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MAP PROJECTION: CHOICE AND IDfiNTtFlOATION 
and decide to which group in column 1 die projection belongs. Then identify 
the particular member of the group from examination of parallels os set out in 
column S. It is very likely, of course* that project ions wid be encountered 
which are not included in the table. 


IDENTIFICATION OF MAP P no J EOT IONS 


L. .Ucrid'HJiw 


L Straight /im -r, 
(a) Parallel 


(fr) Radial 


(o) 


2. FardUd* 


Simighi line* ¥ 
parallel 

(a) Wide** apart 
in Equatorial 
irqprn* 

(b) Equidistant 

(c) Widest apart 
in polar regions 
DineftOCti; 

ji) Slight 

(iij MurLcfJ 
(id) Vary markinl 

Circle*,, caiurantrid 
{a) 


[b\ Widest 3|>an 
tn Polar ngioni 
Diflemn ft-1 
(ij 

(iij Marked 


(e) Wldfirt apart 
uwdy from Polo 
iJiftemiee: 

(ij Slight 

(ii j Marked 


A rr*> concentric 


3, Frojestivn 


Cylindrieoil Equal 
Arts* 

Simple Cylindrical 
(Piati? ComSe) 


Gfiltft Stw^gnipliic 

Central Cylindrical 
Mercator 


FoL-tr aufj of • 
Zenithal Equidis¬ 
tant R’hirke e 
practically eqiti- 
din taut} 


Zenithal Equal At ea 
Orthographic 


Stefeogrophk 

C iLi^nLunic 


Simple Credo with 
One or Tad 
Standard Pandh'Ls 


4- 


World on eno olmt 
Africa S. America 
TmpbaJ nsgtfm* 
Rarely employed 
Tropical regions 
least distort**! 


World on one dueut 
Rarely Employed 
Navifpntiuti maps and 
chum 


Polar afcafl to Inter- 
mediate latitude 


Polar nreae to Inter- 
mediate latitude 
Poluf arcae 
Other projections 
UiliaILv picfcrable 


Puhir arcus 
Cliarta of Polar Seas 
Straight lines ora 
porta of Great 
Guv!*# 

Coimtrics In tetn- 
jjornta Liitiiudfw 
Without great |uih 
wtfiit 
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iLYP PROJECTION: CHOICE AND IDEXTti- [CATION 


1. Urndinti* 

2L FaraUeh 

3. F*rqjec4im 

2. (7unJ*i Im**, 

(a) Equally 
spjicid along Any 
given parallel 

L Arvst, 

(a) Cmcentric 

Ronne's 


ft) Not con* 
centric 

PcJyeonlo 


2, Siraiyfti linn § 
parallel 
(a) Equally 
spaced 

Sinumtdnl 


(6) Slightly wider 

apart in Equatorial 
direction 

MoUwmdoa 

(&S Closwf 

Logo (Aw? aloog any 
given parallui od 
ikatfuieei frnm 
central! meridian 
inenr^'s 

Strttitfht lirw r h 
eqtudly spaced 

Ortiiograpldo 
{Equatorial case) 

m 




Countries in 
yiernlo laLtUtdm 

Europe Auat ml Eft 
Topographic nwpj 
Moddi.d For Topo¬ 
graphic m&pa 


World on cm* sheet 
Africa £. America 
Work! on inter¬ 
rupted projection 
World on one sheet 
or in h mxwtfo &m 
Africa S. America 
World on inter¬ 
rupted projection 
World in hembplteroi* 
lathers preferable) 
Africa S, America 
{others proft rahlu) 
















CHAPTER FIFTEEN 

THE NATIONAL PROJECTION, GRID AND REFERENCE 
SYSTEM OF GREAT BRITAIN 

A form of the Transverse Mercator Projection, depicted in Tig. 47, bus been 
adopted by the Ordnance Survey ns a National Projection for -jenerul use for 
all new mails and plans of Britain. 

1. The National Projection 

The point of orig in of this projection is 49° North 2° West , but instead of the 
scale of the central meridian being correct, and maximum error occurring at the 
east and west extremities, error is redistri buted by am Ling the scale true at 
about 180 kilometres east and west of the central meridian. The scale is then 
0 04 per cent- too small at the central meridian, and the same amount too large 
near the east- and west coasts of Britain. Thee© rnodiii cations have no visible 
effect upon the representation of topography on as large a map scale as 1/1,250, 
and abolish the need for different central meridians for large-scale plans of 
different groups of counties. Thus, after nearly a century and a half, virtually 
all Ordnance Survey maps and plum are to be drawn on a single projection, and 
this in turn has mode possible the adoption of an accurate national grid and 
reference system. It will be realized uf unwise that Britain only occupies a small 
portion of the graticule shown hi Fig. 47. 

2 . The National Grid and Reference System 

A grid is a series of lines drawn parallel to and at right angles to the central 
meridian forming a Berios of squares covering the whole territory as in Fig. G2, 
The lines are here numbered in IdJametroa. Instead of numbering the grid 
lines with the true origin of the projection ua 00, a false or working origin 
400 kilometres farther west and 100 kilometres fart tier north has been adopted, 
A point a little to the south-west of Lands End. By this means, repetition of 
numbers to cast and west of the cent ral meridian is avoided, and empty space 
jit. the bottom of the grid is eliminated which, if incorporated in the numbering 
system, would raise grid number? at the north of Scotland above 1,000 
kilometres. 

The lines forming square* appear in the name relation to the detail on any 
map regardless of scale, though the number of grid lines drawn on the map, ami 
their spacing, is naturally related to scale. On the 10-mile and the j inch they 
are at intervals of 10 kilometres; on the 1-inch and fi-ineh at interval* of 1 
kilometre; and on the large-scale plans at intervals of 100 metres. Each kilo¬ 
metre square on the l-inch and B-iuch maps is covered by one square plan on 
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tho 1/2,500 scale, and each of those- is in turn covered by four square plane on 
the 1/1,260 scute, in so fat as they aefi published- As explained later, each plan 
is numbered in relation to its grid position. 

The metric system is used because in it unite of measurement step up in tens 
litfi our number system, and in any ease the grid is not used to find how far a 
place is from the point of origin, but to enable its position on the map to be 
located or describwL 



Fid. 62. Fsirtiltflt [fritl Iuids ami conveTgmg merit] 


Thus the location of the point in North London shown in Fig. C3 may be 
described bv saving it is 838,032 metres cost of the point of origin, and 177,001 
metres north of the point of origin. This is a cumbersome description, but it is 
possible to adopt abbreviated versions, For instance, as Eastings arc always 
written before Northings, the reference may be written 538932 177081. On 
10 -mile and J-inch maps, reference to the nearest kilometre may be sufficient, 
namely, 538 177, Again, since the general location of a point is usually known to 
within 100 kilometres, the first or 100-kilometre number in each ordinate may 
be dropped, and the reference written simply as 38 77. This is known as the 
Nornud KiltmUre Reference or Four’figure Reference . On 6-inch and 1-mdi 
maps reference mar bo desirable to the tt^areat tenth of n kil ome tre, tlw 
corresponding references are 5380 1770, or in its shorter form 389 770. This 
lutter in willed the Normal N ativiuil Grid Referents* 
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GRID AND REFERENCE SYSTEM t>V CHEAT BRITAIN 

It will be realized that by dropping the last two or three figures of the full 
ordiii&ie nuniljtr^, there is Joss of preeiBbn in dining location, but llus in not 
appreciable on majHi of medium and small scab. But when tbo first figure, 
the luo* kilometre figure, is dropped, an ambiguity of general position m intro¬ 
duced 5 because the same Normal Kilometre Reference and Normal National 
Grid Reference occur in every lOO-kilometre square shown in I'ig. 6£. Instead 
of avoiding ambiguity by retaining the ICJO-kiJoujetre figures in what may !>o 
regarded as their normal reference positions, it is found more convenient in 
practice to place both figures together and separate them from the remaining 
figures of the reference by a stroke, thus. ol/38 77 or 61/3 39 770. These forma 
are known respectively as the Full Kilometre Iitferenie or Fat! Four Figure^ and 
the Full National Grid Reference, 


- 4J59J* atsc« 


/O 

3 


Origin'^_- * — — - kfti-- - - —^ 

Fio. 03, A poairian to define. 

Summarizing these names and references for siuulh and medium-scale maps 
we have the following table for the point whose full co-ordinates are E53SU32 ns* 
N177001 m. 



Aftip JEfO-'o 


Namt of refem\ce 

Grid 

ttfetci U?e 

lO-i uils muI i-inch 

l Jon* 

Normal kilauiL'tre of four 

figure 

3a 77 

Do. 

t km* 

Full kilometre at full four 
figUT» 

BI/3& 77 

l-inch* tHnch, mid l/2a F 000 

100 mtiTHs 

Nomad Xaduiml tirid 

389 770 

Du. 

100 m^t.rw 

Full Naeictml Grid 

Bl/389 770 


It is not Only necessary to be able to abbrevinto adotmiled reference correctly 
but also to be able to obtain it correctly from 1he map. And just as there are 
appropriate methods of abbreviating, there are appropriate systems of number* 
ing the grids which are drawn on the ielli ;j>s. The system of numbering the IlH^ 
kilometre squares drawn on t he map of all Britain in Fig, ft 2 is self-evident. On 
unci Jdncb maj^s a 1 (h)- km, grid would be of little value, so grid tinea 

l 
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are pitted til intervals of ICi kilometrea* Single figures arc shown id the margins 
against each grid linn, as in Fig- £4. The estiina-ted position of point F is 3-il 




units cost. 7*7 units north, that is, kin. east, 77 km, north, which give* the 
Normal Kilometre or Four-figure Reference of aft 77* 

On L-inch and 6-inch maps, and those on the scale of 1/25.UCK) which lies 
between, grid lines aire spaced al intervals of I kilometre. Pairs of liguflss in 






















































GRID AND REFERENCE SYSTEM OF GREAT BRITAIN U5 

the margins m ill Fig> AS indicate the number of kilometres in the ordinate of 
that grid line, and position to the nearest tenth of a kilometre is done by estima¬ 
tion as before. Thus the Normal National Grid reference of P in Fig, 65 reiuls 
:iS0 770. The Full Kilometre or Full National Grid Referenda is obtained by 
picking np from the margin the small-type figures representing the hundreds of 
kilometre* in each ordinate, and putting them together in front of the other 
figures as explained before* Xu both Fig. tS4 and Fig, 65 it will be seen that the 
required figures arc 5L In case of difficulty in seeing tills point, imagine the 
appropriate sroall-typo figure to bo printed against all large-type figures. The 
required lOO-kilometre number a bo appears in a margin or cover thagnuji cm 
a mall- and medium-scale imqw. 
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Fhs. 60. Grid \inm ua £5-inch ^lana. 


On the so-called 25-inch to tlie mile plan, more accurately the 1/2,500 plan, 
the reference ay stem varies slightly from the above. Each sheet hi the now 
series h one kilometre square ami covers nue grid square From t lac system shown 
in Fig. 05. Each of these aqunres already has its reference number. Thu* the 
kilometre reference for the square containing P is 3S 77, and the Full Kilo¬ 
metre refereure is 51/38 77. Consequently any detailed reference nn this 
particular plan can be prefaced by this reference number, rendering it unique 
throughout the country, 

Pbi-pointing is done as before. The kilometre-square sheet is divided into 
squares of 100 metres a side, m in Fig- till The most general reference to the 
point P is that it lies in square 00. This is appropriately called the 100-metre 
reference, Ey estimation, the position is mere accurately described to the 
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nearest 10 metres as 93 015. By using a scale reading in metres, a one-metre 
reference is obtainable, namely, 933 001. 1st order to avoid ambiguity with, 
similar rofenuictsi on other sheets in the series, the plan nuailn J 'mist preface 
the detailed reference, thus 51/3B77/S9 for the Fidt Hundred-meire Reference, 
and so on for the Full Ten atui Full Metre Reference. 

The largest scale plans, the 1 / 1 , 250 , approximately 50 inches to the mile, take 
four sheets to cover the same ground as one sheet on the 1/2.500 scale, Bach 
quarter lias the plan reference number suffixed by SW., XE,, SW., or SE. The 
point Plies in the HE. quarter of Fig. 66, therefore the largest scale plan allowing 



the point P is Plan 51 /8$77 SE. Each sheet is divided into squares of 100 metres 
a side, like the parent plan, and identically numbered. Thus there are fewer 
squares but they are larger in size, as shown in Fig. 07, and this enables the 
position of P to be stated to the nearest metre with rather more certainty than 
ou the 1/2,500 scale, but the method of procedure is the some. 

Grid references on the large-scale plans, of a point whose full co-ordinates 
are E 53S932 m. N 177001 in may therefore be summarized as follows: 


/'forv tajle 

Pm&um 

iVfim* iff rrjrtrnw 

Orid tef&iMEG 

l/i,fl0U arid 1/1,250 

H30 metres 

E iundrixt MftlU 

Sf u 

ID metrti* 

Ten Metre 

03 00 


L kuotre 

One Mi.it re 

032 OBI 


1CH> metrtfl 

Fa 11 HiUKirtd Md.fi? 

51/3877/9 0 


10 invito* 

Full Ten Metre 

51/3377/93 Ofi 


i nw?tns 

Full One Mfltni 

91,3377,932 Oftl 
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3* Grid axb Gratioitlb 

A grid has been described as a series of line? drawn parallel to and at right 
angles to the central meridian forming a series of squares. By contrast* a 
graticule ia a series of lines of latitude ami longitude. Only in one projection 
previously described, namely, the simple cylindrical or plate airree, do lines 
of latitude and longitude also form a series of squares* It follows therefore 
that since this projection is not in use for topographical maps* a Grid and 
Graticule never coincide. 

On the Ordnance Survey National Projection the central meridian Is 2* West, 
and all north-south grid tines arc parallel to it. Tlio meridians converge to¬ 
wards the north as shown in Fig* G"2 ? but the grid linos by definition do not 
converge. A place therefore has true north indicated by its meridian and grid 
north indicated by the grid. Grid north and true north coincide only at West* 
and magnetic north coincides with these only at long intervals of time when the 
local magnetic variation is 0. 

Every place on Lhe map hna a reference in terms of latitude and longitude, 
which ia fixed and which can be stated in varying degrees* of precision commen¬ 
surate with the scab of the mop. But estimation must nearly always enter into 
definition of location, and this is infinitely easier and more certain w hen using 
a series of squares than when working on Indefinable shapes bounded by curved 
lines to north and south and slightly converging lines to east and west* 

11 Ls fro be* hoped that some day each uhcet will bear an alphabetical Index of 
the names to be found upon it. with grid references. This would be of assistance 
to map-users who search for a name that is not there, or which is there hut- 
refuses to give itself up. It would be a natural development of the system p like 
the bench-mark lists and Use numbering of fields on the 1/3,500 plans, achieved 
by quoting the four-figure reference of the field centre* 

Diagrams in this chapter have been reproduced from the O.S, pamphlet 
on the National Grid with the sanction of the Controller of H.M. Stationery 
Office. 


CHAPTER SIXTEEN 


MAP TITLE AXD SCALE 

Tire remaining chapter m this first pail of the book deal essentially with out¬ 
standing aspects of maps, a knowledge of which is necessary for sound map- 
reading, and with the broad geographical interpretation of landscape as 
depicted on topographical maps. 

Two items which might well receive early attention since they come first in 
the study of a map arc the title and the scab. 

1. Map Title 

Map sheets are nearly always given names to facilitate reference and location. 
The may take after an important town, district, or natural feature. Thus 
sheets are published bearing the names Lincoln, Napoli, Zara; Lake District, 
Yoeeroite: Cairngorms, and Crater Lake. 

Many topographical sheets ore normally necessary to show the whole of n 
country, and consequently it is essential to decide where sheet edges or sheet 
lines shall fall. The sheet lines of the International Million Map and of 
many national Burveys follow lines of latitude and longitude, but sheet 
lines of the Ordnance maps of Britain divide the country into a series of rect¬ 
angles. Whatever system is adopted, the sheets are usually numbered In 
row* or by grid reference, and consequently each beam a number as well as 
a name. 

Arrangements are commonly made to cover exactly the same area on a scale 
a as Is covered by four maps" on a scale b. Thus four maim in the Ordnance 
Survev 23 -inch uugriddod series cover the sumo urea as one quarter- sheet in 
the fl'inch series. The same applies to the United States maps on scales 
l : 02,600 and 1: 21,080. and to majia in the India Survey series. 

Sometime* sheet lines fall awkwardly, cutting through the heart of a town or 
district which possesses essential unity. A special sheet made up of parts of 
relevant sheets may then be issued as a Special or District sheet. 

Unless a region its well known, it Is sound practice to locate it ou an atlas 
mop, and to relate relief and drainage to the country at largo, and towns and 
villages to surrounding settlements. This provides a background against 
which detail may be studied. Thus the Lake District sheet is seen in relation 
to the whole of north or north-west England, or the Zara sheet in relation to 
the Dalmatian coast. This practice also gives realism in the use of tire atlas, 
because the inhid becomes trained to see the detail behind the generalised 
atlas maps. 
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2. Map Scale 

After noting the nnnid of the map in order to establish location, one should 
instinctively look for the ueak. This b usually skou-tt in a number of wnj-a, 
notably 

(a) in words •, 

(i>) by scale lines: and 

(r) as a representative fraction. 

Let iib consider each of these in turn, adding 
(i) other indicatfom of scale. 

(a) Words. Words can convey scale very simply and conveniently in such a 
phrase as one inch to the mile, because it is easy to think in terms of inches 
on the map, and of miles on the ground. Quito naturally maps often become 
known by convenient scale names, such as the Eighty-thousand, the 1-inch, 
and the 10 mile. It might be noted that United States sheets on a scale of 
1; B2 ( 500 are sometimes wrongly spoken of as l-inch maps, just ae the British 
maps on a scale of 1 - 2,GW) are miscalled 23-inch maps. 

(b) Scale I Ant*. A scale line several inches long usually appears on all topo¬ 
graphical sheets, and subdivisions represent units of national measurement, 
thus units will represent miles, furlongs, and chains, or kilometres and tenths of ft 
kilometre. By using dividers, the distance apart of places b read from the scab 
line. More than one scute line may lie given, often one In terms of miles, ono in 
kilometres, and one in thousands of yards. Distances can then be read in any 
of the units without arithmetical conversion. 

The major units in a scale line are termed primaries, and the subdivisions 
secondaries. If the whole scab lino is divided into primaries and secondaries, it in 
said to be juiltj divided. More often, ihe scale tine is not fully divided, but » 
primary unit is ptovod in front of the loro mark at the left-hand end, and tbia 
alone is divided into secondaries, numbered from the r.ero mark towards the 
left. Tlila gives an open divid'd stfile, and once the reason for the arrange¬ 
ment. ia gre^ied, an it is likely to be immediately a length is scaled off with 
dividers, a fully divided scab is seen to be unnecessary. Both methods are 
seen in Fig- 6S. It is of course preferable to read distances direct from a scale 
lino rather than to measure t.ko-n in inches with a ruler and then make mental 
conversions 

On some n^ajig a tiinc^scalfi lin$ is b&scJ ori it bout 4 J kilometres jxsr 

hour. In hilly country, people accustomed to walking keep mi extraordinarily 
steady pace, and m these cirmun^flJice^ the time scab b useful. It might 1*0 
noted that u signpost at the foot of a mountain showing the time normally 
taken to reach die summit i 3 more useful than ono showing distance. A 
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motlrm application on air-maps maid Ite a strict of lines marked off in tcrma 
of time at various sjieois jKisaiblY from 150 to 500 miles per hour. 

Distances ere often taken from a map with dividers, and measured on & 
diagonal scale, although this ia seldom drawn on maps. Tho principle of the 
diagonal scab which is designed to give a high degree of accuracy is illustrated 
in 1%, AS [ej, The primary divisions need no explanation. The secondaries on 
the top and bottom are tenths of primaries. By joining points obliquely as 
from 0 to H, lines become progTcsssi vely farther from the vertical OQ. Thus the 
point X is half a tenth from 0Q \ while in terms of primaries T is 0-73 from OQ. 
A diagonal scale for a 1-im-k map could have a primary of 1 inch divided into 
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(t) Fig. tJ8. 

(a) Open divkM aralo in kilometres and tenths 

(ft) Fully divided settle in miles and furlongs 

(c) IMagortnl mcalc tG trad in famth-i and hundredths 


eight seconduriftfl to allow furlongs Ton horizontal lines would then enable 
distances to be read in miles, furlongs, atid ninths of a furlong, that, b. in miles, 
furlongs, and chains. 

(e) Rtpft&tnlativt Fractions* On a Idneh map, l inch on the paper re presents 
l mile or 63,500 inches on the ground. The representative fraction is therefore 
said to be 1 to 03,300, and is shewn on the map ns 1 : 63,300, or as This 
not only metfm that I inch on the map represents 03,300 inches on the ground, 
but equally that i foot, yard, or centimetre represents 63,300 foefc, yards,, or 
centimetres. The representative fraction, often abbreviated to the letters R>F., 
of the ti-inoh map is similarly 6:63,360 written in the form 1:10,560. 

It should be observed at the cutset that the representative fraction demotes 
the relationship between linear meaamementa cn the map and on the ground, 
and not the relationship between areas. Thus wdieu the R.F. b fr63.3G0, 1 linear 
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MAP TITLE AND SCALE 


irirb represents 63,360 linear inches, but I square inch repressnte 1 square mile, 
or 63+360 X 43,360 square inches. 

Plans Arid topographical maps of any country are generally drawn in scale 
aeries. One French series nine 1: fifl.fiOO. 1 1 J 00 * 000 , and 1: 200.000. The scale 
of I: I million gives rise to a 1: 250,000. 1 : 125.000. and 1 :62,500* and these 
scales are almost identical with the British series of a quarter-inch, half inch, 
and one inch to the mile. 

When the representative fraction Is stated, it is easy to draw a scale line using 
any systcm of unite. Suppose for example the R.F. of a map is l: 63,360, and it Is 
desired to draw a scale line in kilometres. The following proportion sum holds 
true: 


63,360 cm. cm the ground are shown hy I cm. on the map. 



cm. on the map, 

Cff1, H H 

1-57S cm. fl „ 


A line is then dmwii and marked off into lengths each I-57B cm. , either with a 
ruler or by geometrical methods 

it is always possible to calculate quite airnply from the representative fraction, 
(he nceurafv with which measurements can be taken from a map, provided of 
course that there has been no material distortion of the paper. It is not difficult 
to measure distances on the map to the nearest hundredth of an inch. Than 
&mcf\ for example, 1; 50,000 means that 1 inch on the map shows 50,000 inches 
on the ground, ^ inch on the paj^er shows 50,(K>0 hnndredthfi on the ground, 
that is, 500 inches or 14 yards approximately- In the same way, ground 
measnremente ran he taken from a 1-inch map within about l?t yards, from a 
6-inch plan within about 3 yards, and from a 50 inch plan within about a foot. 
This helps one to understand that m the 50-inch plans buildings and roads are 
shown true to scale without difficulty. 

People often wonder what sire churches, hospitals, and houses look to a 
pilot from this height or that. The representative fraction of the map could 
tell them. A6-inch plan, R.F. 1:10,560, held one foot from the eye, represents 
detail the same size as it would look from a height of 10,560 feet* The 2 5- in eh 
p]an a RJF. 1:2,500 held 1 foot from the eye, shows detail the same size as it would 
appear from a height uf 2,500 feet. The same principle is applicable to other 
scales, provided detail h true to scale, in which connexion it must be remem¬ 
bered that on medium- and small-scale topographical mapa many features mich 
jin roads, canals, railways and river* are not drawn true to scale. 

The table opjKwite Fig. 7. fiage 12, allows the representative fractions 
adopted by various countries for their official maps. The table below shows the 
equivalents in inches to the mile and miles to the inch of a selection of repre¬ 
sentative Fractions. 
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{0 Rcprt&cntai tr* 
fraction 

\u) hichtJf to the 
rmli 

(iiii) iftttfto ik* 

ir\cJi 

1/1,850 

50(50 

003 

1 2,gpo 

25-34 

0 - 0-1 

1 / 10,000 

6-34 

(HO 

1/10,600 

600 

OI7 

1-3LSS0 

2-00 

0-50 

1 SO,000 

1 27 

0-70 

I'Gjf.SOO 

1 01 

0-03 

1/03,3(10 

1>G0 

1-00 

1 '80,00(1 

0-70 

1*20 

1 / 100,000 

frfc3 

IBS 

1 / 1 * 5,000 

LVM 

1-07 

1 fl 2 lt .720 

0-50 

2-00 

1/2S3.4-S0 

0-25 

100 

1/500,000 

003 

7-69 

1/033,000 

0-10 

10-00 

1 / 1 ,€ 00 ,W» 

(HW 

15-78 


Tlio method of establishing the relationship shown in columns (i). {»}, and (iii) 
may Ik? shown in the following example: 

If the it.F. of a map is 1:80,000, find 

(i) what length in miles is shown by 1 infill, 

(ii) what length in Inches allows l mile, 

(i) l inch on the map shows 80,000 inches on the ground, 

Ui. 1 inch i. » l'20milra ,, tt 

(ii) 80,000 inches on the ground are shown by 1 inch on the map. 

1 inch „ „ is H ss* inch on the map, 

03,300 inches „ ,, am „ inches on the map. 

ijs. 1 idilo „ „ is „ 0-70 inches on the map, 

(d) Othtr Indications of Scale. There are often other indications of scale, 
chiefly in the- fonu of ii) minutes of latitude marked along the side edges of the 
map, or (ii) a grid made up of squares of stated dimensions, or (iii) distances 
along roads stated in miles. 

(i) As the circumference of the earth is approximately 25,000 miles, a degree of 
latitude is very nearly 70 miles, and a minute of latitude l -1 miles. If minutes of 
latitude are marked along the side edges of the map. and the length ot one of 
these is measured in inches and equated to 1-1 miles, a sound idea of the scale 
of the map is obtained- Thus if the length of a minute mi the map is approxi¬ 
mately l-l inches, it is reasonable to surmise that the map scale is either I inch 
to the mile or the nearest other common scale, 1 : 62,500, The length of minutes 
of longitude varies with the latitude, because meridians converge as they 
approach the ]>oles, and consequently their length is not equal 13 - helpful in 
determining scale. 

It might be noted that the latitudinal method of determining approximate 
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distances is often very helpful when using an atlas map, or when approximate 
latitudes are known from memory. Thus one could give a, fairly satisfactory 
answer if asked the distance from Hudson Bay to Magellan’s Strait or from the 
Cain* to Cairo, pairs of places which lie roughly on the same meridian*. On 
some foreign maps, such a* Japanese, the only immediately decipherable 
information about scale may come from tlio degrees of latitude and longitude 

marked in the margin*- , , , .. 

(ii) On gridded maps scale can be deduced if the spacing of grid lines is 

stated in ground distance. . 

(ili) On some maps road distances arc marked between towns, ami on others, 

miles are numbered along main roads outward from large towns. In either case 
it is a simple matter to calculate the map scale from the information given. Iho 
reverse process was used to determine the length of the English mile used on the 
Gough Map. 


CHAPTER SEVENTEEN 


SECTION DRAWING AND CONTOUR PATTERNS 

FAJimAEmr with the map-boy or legend is & prerequisite to effective map-read¬ 
ing, Rut no amount of femdiarfty with conventional signs ami cymbals can 
give or replace the ability to visualize topography from the map, and this 
ability is one of the most important asset* in the interpretation of landscape as 
depleted on majia. No apology is therefore made for the eonridemble space 
which is devoted to ways and means of developing this ability. The simple 
exercise of section drawing forme a suit abb introduction, and this will be 
followed by an examination of contour patterns, 

1. Section Dmwq 

The Roman custom in road-building was apparently to make roads straight 
from place to place, regardless of hills and vales. The rise and fall or long- 



Fta. GO. Section across contoured fl'indi map. 

profile of the road is a section across country along tho line of the road. It is 
comparatively easy to draw cross -sections along any line on a contoured map, 
but it is best to begin with simple exercises where contours are widely spaiced 
and clearly marked. The following example in reference to Fig, shows the 
method. 

The line of section A^B is firet examined to ascertain the difference in altitude 
between the highest and lowest points, here from somewhat below 50 feet to 
over 200 feet. A convenient vertical scale has then to be chosen, remembering 
that over- or under-emphasis of relief alike produce an absurd effect. In genera! 
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a geiition should not exceed about an inch in height. Hence in tills onunjtte 
1 inch in, height could represent a range of attitude from ft to 25ft feet. Quo 
horizontal line on a piece of jt- inch squared is then numbered 0. and 

the horizontal line eiii inch above it, 25ft feet. A rise Of fall of 5ft feet is shown 
by 2/ LOtlis of an inch, so alternate intermediate lines are numbered 5ft, tftft, 

150, and 200 feet, ... 

The top edge of the squared paper is laid along the line of section, as in 
the figure. The small squares have been omitted for clarity. Working from 
left to right, the first contour crossed is the Iftft feet. At that point on tlie 
scetion line the land is therefore 100 feot above soa-level. A dot is made in the 
appropriate place on the section paper by following down the vertical line of 
the iHtper w hich meets the section line at the 100 -fbot contour, until this vertical 
line crosses the horizontal line numbered 100 , The second contour is numbered 
50, so a dot b placed in its appropriate position to the right of the first, but on 
the horizontal line numbered 50. The process is continued until all cutting- 
points of section line and contours are represented by dote. These ore then 
joined by a flowing freehand linn, and not by a series of straight lines which 
would give artificially abrupt changes of slope. 

One problem which arises is the height of the section at the left- edge 
before the lftll-foot contour is reached. Inspection will show tliat as the hind 
sloi>e 8 downwards from the 100 -foot to the flft-foot contour line, it will also 
sIojm downwards to the initial Iftft-foot contour. Therefore the left end of 
tho section line must commence somewhat above the 100 -foot line. This fact 
could be indicated by a small plus sign when marking section dots. 

A second problem is that two dote are both at 5ft feet. The land between 
LB likelv to rise or fall. Since the land on both sides slopes downwards towards 
the two 50s, it can safely be presumed that between them the land is below 
5ft feet. Therefore, when inserting the two dots, a small minus sign may bo 
placed between them to remind one to dip the line in this part. Similar prob¬ 
lems occur between the two dots at 200 feet, and fit the right-hand edge of 
the section, it will alto be noted that there Li a change of contour interval 
from 5ft feet to 1 Oft feet, but t his should occasion no special difficulty In dra wing 
the section. The change of interval, however, does show the difficulty of visual- 
mug relief simply by the distance apart of contours, and the need to note in 
the initial scrutiny of the map whether or not contour interval is constant. 

Sometimes it is difficult to decide whether land is rising or falling, but help 
is often available from spot heights between contours, or from streams, which 
necessarily occupy valleys, It is often of help to notice also the lie of the land 
just sIkjvc lire section line, or just below it. the latter information being 
obtained by raising part of tire pajrer with our hand while holding the remainder 
in position" with the other. With experience it will tie realized t hat a profile 
never changes its direction of slope, from down to up or up to down, except 
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between contours of identical height* The same principle is seen later to have 

a general application to all isoline maps. 

On many maps around the scale of an inch to the mile contours an? so crowded 
m to make the above method of section4rawlng seem impracticable. In such 
eases it is sufficient to ignore a!! hut contours at conveniently t-ho^en vertical 
intervals. If some contours are thickened, these can bo used to simplify the wtnrb* 
and on layer-coloured maps changes of colour may be used in the same way. 

Sections along roads, rivers, and rail ways present difficulties because the 
straight edge of the paper will not lie along a sinuous lice of section. If the 
section line approximates to a series of straight lines, the paper can be twisted 
thin wav and that to full along each straight length, and a composite section 
is drawn m a eerier of sections end to eml T If tins is iiujio^ible, horizontal 
distances between contours must- he measured by some other means, as w ith 
dividers. The contour* themselves show the amount of vertical rise and full. 

It is net neeessai y always to represent gen-level on a flection, although this 
is frequently done, Snob would be of little value on a section to show profile 
of a proposed road or railway. It is good practice, however, to name outatand- 
iug bilk and valleys, and even town positions on a section. The names are most 
conveniently printed vertically, though tills does not simplify reading. Appear¬ 
ance is often improved if the section ia filled in solid. A title and statement of 
section direction, such ns NNE-SSW-* should be given, 

httervi&ibitity of Folnl* t that, w. whether or not one point is visible from 
another; is probably most quickly revealed to a beginner by drawing a section 
from one to the other. The section method will &Lho &how the esefcout of dead 
ground, or ground which cannot be seen when looking from a point in any 
given direction. IntervMbility of jxilnle cannot be assumed, as many people 
would affirm who recall occasions when they thought themselves almost at 
the summit of a mountain only to find on surmounting a shoulder that the 
summit appeared as remote as ever. 

Emggeraiitm of Vertical Scale is a last problem which often gives trouble in 
connexion with sections, ft should fxa realised at the outset that sections hav^ 
two scales, the one horizontal and the other vertical* Tbo horizontal scale is 
that of the mop, unless deliberately altered. The vertical scale is chosen at 
will, and is often arranged so that the section la about an inch high. In nearly 
all ca&es the two scales are different, the vertical scale being greater than the 
horizontal Any vertical exaggeration can be determined by dividing the 
horizontal scale into the vertical To do this, both scale* must lw expressed 
in tht mme term*, Eillier of the following methods is satisfactory! 

(a) By completing the following statement: 

(i) Vertical scale: No. of inches that show 1 mile or feet = 

(ii) Horizontal scale: No, of Uu?hes that sIlow I mile or 5 P 2S0 feet ^ 

(iii) Exaggeration of vertical scale ia (i) (ii) ^ 
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As a concrete example take the section drawn in Tig. 66- ^ ll the original 
drawing the vertical scale is 1 intih to 250 feet. 21-12 inches to 5.2 SO feet. 
The horizontal scale is S inches to the mile, the same as the scale of the map. 
Therefor© line [hi) above reads £1*124*6 — ?* o2. 

(^) By com paring the scales expressed as representative fraction#* Using 
the same example: 

(i) Vertical scale is 1 inch to 250 fed or 1/3,000 

(ii] Horizontal scale is 6 mckti* to l mile or 1/10,560 

(ili) Exaggeration of vertical scale is {i)4-(n}. i.e. ^gg X 3 V“ — 3 p 52* 

If it is dcsimbl©, as it often is in geological work, Uiat the sect ion should be 
true to mile, or in other words that both horizontal and vertical scules should 
be the same, the horizontal Ikies would have to be numbered, in this example, so 
that 6inches above the zero line read o,2SUfeet< This would give fvet per 10th 
of an inch, an awkward quantity when contours read upwards in 50 a and lOOs- 

Summarizing the do + s and don’t b of section drawing: 

(a) Don't use scTup-paper to transfer contour a paces to section paper* 

(£>) Don’t as a rule make sections more than I inch high. 

(c) Don't use more dots than Qfoessart if contours are crowded, 

(d) Don’t reverse direction of slope except between contours of the ’tame 
altitude. 

[r] Name outstanding features along the line of faction, indicate direction, 
state vertical and horizontal scales, and any exaggeration of on* scale in 
terms of the other. 

2, COKTOtTB Pattebns 

A further aid to the visualization of relief as shown by contours is the ability 
to recognise contour forms or patterns and to connect them with the to[n> 
graphical forms which they imprint. The chief of these. which ore illustrated 
in Fig. 70. timy be described briefly as follow?, assuming the contour interval 
to he constant: 

{a) No contours* land virtually flat or without rise and fall greater than the 
vertical Interval of contours: flood-plains, marshlands p deltas* plaLmux. 

(A) Ctntfaufj uniformly spaced , Land sloping uniformly; escarpments, valley 
sides, 

[c] Contours gutting donr togdh^ from low kind to high* a concave riope, 
steepening towards the top: the lower slopes of valleys in regions of mature 
water erosion, sides of cirques or comes, 

(rf) Contour* gttling farther apart from low to high land, the reverse of {c): 
upjjer slopes of valleys and spurs, often a continuation upw ard of (c) f the change 
taking pliice at the point of inflection, and giving with the previous elope a 
complete pro hie sometimes spoken of os the llogarthian lino of beauty. 
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(<*-) approximately so, a conical hill, or In reverse, a basin: 

volcanoes, puys, domes, granitic uplands, tors* residual hills, craters, badi]is 
of inland drainage. 

{/) Contours phon ing 710 disthtchve palforn^ land hummocky and without 
well-defined land forms r peneplains, ground moraines. 

(?) Contours V-shaped as shown, by the solid lines in {tj}, valleys or spurs. 
The dope of the valley-sides may be uniform, concave, or convex, or a com¬ 
bination of these. 

Once patterns are mastered, it is not difficult ho draw contour sketches to 
represent given land forsuj. As an example suppose that it is necessary to 
represent on one sketch a river valley, a dry valley, a wind aud a water gap 
in a region with two parallel scarps, proceed m stages to produce a sketch like 
Lkat shown in Fig. 70 (g)+ 

1. Draw a river and a tributary valley, here shown by n dotted line. 

2. Draw fairly evenly spaced contours us shown In solid lines, ami number 
these to show a general slope from river sources towards the mouth, cutting 
biwk V slmp« in the contour to mark the valleys. 

r 4r Between these contours and the rivers draw a series of closed contours, 
here dotted, dose together on the one side to represent tin? steep scarp slopes, 
farther apart on the other aide to show the gentler dip slopes, Number these, 
taking a cue from the numbers of the contour* drawn llrst. If the dotted 
valley-lino is then rubbed out, it* former position marks a dry valley; wind 
gaps occur whore this valley cuts the escarpment^ and water gaps occur where 
the river Cuts the escarpments. 

This example make* use only of contour patterns {b) and In representing 
a glaciated upland, use Could be made of (n) for flat glaciated valley doors, 
(6) for ft tec p valley-sides, and possibly {/} for the uplands* A more pronounced 
upland it!lief would make use of rather elongated forme of (e). A dissected 
plateau in a dry region might dhow a series of Btefep-sided ravines and canyons 
more or lt>* at right angles, aU revealing pattern 16 ), and with pattern f/j show ¬ 
ing only slight relief on the plateau, or combined with (r3 for residual hills. 

In Afof* Ihdndion, us w hen reducing a map on a scale of 1 inch to the utile 
to a eeale of | inch to the mile, it is obviously necessary to emit much topo¬ 
graphical detail, such ns small tributary streams and certain of the contours. 
A whole sheet is too much to tackle as a unit, but the work is aimpfilied by 
drawing over the original map a grid of 2-inch squares, and copying one feature 
at a time, square by square, m to a 1-Inch grid. Comparison of a topographical 
map and a corresponding atlas map offers a guide as to how far detail i*j 
commonly omitted and salient feature* gene rali zed. The finished sketch 
should* however, preserve the salient characteristics of the original map, and 
an eye to contour pattern i* a valuable aid to Hits end. 


CHAPTER EIGHTEEN 

MAP MODELLING 

Ose of the moat effective and interesting methods of I earn i up to read relief is 
to make a model from a contoured map. Three different approaches are described 
below. A small area taken from a large -scale map with well-spaced contours 
should be chosen for practice. 

1. Tire Peo Method 

Suppose it is desired to produce a model of Pig. 70 (c-d), Contours are shown 
for 30, 100, 130. 200. and 250 feet. Sets of pegs are prepared to represent these 
heights above sea-level. If one-quarter of an inch is allowed for each 50 feet, 
the sets will measure respectively in inches ]. 1, j, 1, and 1 j. Appropriate pegs 
are then set up perpendicularly along the contours. A peg If inches long 
represents the spot marked 2S0 feet- The space between the pegs is then packed 
with a suitable medium so that the surface passes smoothly from the tops of 
one row of pegs to the nest. The result is a model of the figure. 

The contours can be traced on cardboard or plywood, and the pegs cut from 
matchsticks, They can la- stuck in position by dipping the ends in glue. 
Alternatively wire nails of appropriate length can be hammered into the base. 
Where relief is intricate many peg* are necessary, but where gradient is uniform 
few pegs are required, tf a piece of glass is used as bane, it is only necessary to 
place it over the map and stick pegs in position on the glass. 

Phial icine, moulder's sand, or clay are suitable filling-materials. Clay cracks 
on drying, but a cast of the model can be taken before cracking commences. 
Moulder's sand consists of line quart* sand with about 4 per cent, of clay, and 
is usually available at foundries. It is used when moist and then dried slowly. 
Any cracks are filled with moru sand, and the surface finally hardened with a 
fixative, such as dilute gum arable, alter w hich it will take oil colours. 

2. The Layer Metuod 

In the Laver Method contours are each traced on separate sheets of card¬ 
board and contour forms ore cut out. The model is then built up by Using the 
lowest contour form to a suitable base, and successive forms in altitude order 
from base upward ill the same relative places as corresponding contours 
occupy on the map. The work is very tedious where contours are numerous 
and complicated, but the result* are worth while, and the method is rlmt em¬ 
ploy cd by various professional model-makers, bteps are taken out with plasti¬ 
cine or ulav. 

It is often practicable to cut original maps glued to thin cardboard, and so 
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st .little expense to avoid tedious tracing. In any ease, each layer should have 
marked upon it the next higher contour, to ensure set;undo placing. Cut ting 
is beat performed by fret-saw, unless the cardboard is so thin that scissors or 
a knife prove adequate* As an alternative to glue, tacks can be employed. 

.Materials other than paper and cardlkiard are suitable for building up the 
layers. Clay or plasticine may be rolled into sheets of uniform thickness by 
placing strips of wood on each side of the board for the roller to run on. The 
materia] js loss inclined to stick to the board and roller if these are sprinkled 
with chalk dust for day, or sponged with water if plasticine is being used. Con¬ 
tours arc transferred to the medium by tracing them on paper, preferably in 
reverse, with hectograph ink. ami then placing tlie paper face downwards on 
the clay. Cutting is accomplished with a pin or knile. Steps are smoothed out 
without the addition of new material, but constant reference to the original 
map is necessary. 

Experiments can also be made with such materials as Keene's cement. 
Layers of uniform thickness are made by pouring the liquid cement onto a level 
titled glass plate, edged with wooden strips. Layers are cut before the cement 
becomes brittle. Ordinary gelatine soaked in cold water, then removed and 
heated till melted, can also be poured onto oiled glass and later cut to shape 
and placed in position. Steps in this material are taken out with a hot palette 
knife. 

A variant of the above method is to start with a number of sheets of card¬ 
board the btame size us the base. On the first sheet is traced the highest contour. 
The contour form is cut out and put aside, while the remaining cardboard is 
turned face downwards and stuck to the base. The next highest contour form 
is cut away from the second sheet, which is likewise turned over a ltd stuck down. 
In tins way a negative form or mould of the relief is built up. The steps are 
taken out ns before, and a positive is cast in plaster. Theoretically, at least, no 
treeing of contours is necessary, since cutting is dime with the suttne map placed 
over successive sheets. Position of successive layers is determined by the fit 
round the edges of the model. 

3. The Section Method 

The section method was employed with success to make a relief model now 
exhibited in the National Museum. Cardiff, of the whole af Wales on a scale of 
l inch to the mile. Sixty-seven different blocks were made, the normal size 
licing IS by J- inches. Parallel vertical sections across the map were drawn on 
t.hin cardboard at intervals of J,tha of an inch. The profiles wore then cut out 
and the cardboard made up to a thickness of ftths of an inch with plasticine. 
When these thickened sections were arranged in order. Limy gave a generally 
accurate representation of relief. It was neccasary to trim off or fill in the steps, 
smooth the surface, mark streams with a needle, and check surface features. 
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Moulds ami positives were made with K«na% cement* The production of a 
single positive from start to finish involved about 112 hours* work, but a high 
standard of accuracy was aimed at, and nearly half the time was spent working 
over the plasticine surface. 

A slight variant of the above method consists in transferring sections from 
the map to both faces of each plasticine or day slab,, then moulding the edge to 
pass evenly from one profile to the other. When the slain? are placed on edge 
in juxtaposition there should be no stepa, as the profiles along adjacent faces 
should be identical. 

Sections may also be cut out in strong ymper or thin cardboard, and gummed 
into vertical yposition, and the spaces filled na in the jjeg method* There is 
probably little difference in the layer and section methods so far as time b 
concerned* but a region which proves laborious to model by the layer method 
may prove easier by the section method, 

4. Casting Moixds asi> Models 

A permanent model b best obtained by making a mould from the original p 
and iu the mould casting a frE’sh posdive in plaster or cement-. A mould can bo 
made quire simply in plaster of Paris, by placing the original, which should bo 
entirely free from undercuts on a smooth surface, building walk around it, and 
running liquid placer of Paris over the model to a depth of 1 to 1 inch. The walls 
may consist of strips of plasticine or day, pieces of w*>od or glass. 

The recognized way to mix plaster is to let It ran through the fingers, palm 
upwards, into a bus in of water until enough is added to stand above the surface. 
Three pints of water will probably take 4 Lb. of plaster. The hand b then 
immersed in rhe basin and the plaster thoroughly mixed. The creamy liquid b 
poured over the model and blown into alt crevices to eliminate air-pockets. 
More plaster can be mixed and added until the desired thickness is reached. 

If the mould b ultimately to bo chipped away from the cast, as would 1 >e 
necessary if undercuts were present, the first hag in of planter should be coloured 
so that proximity to lhe cost is appreciated. Usually, however, undercuts are 
avoided and several positives are required, and then there is little point in using 
colour. 

The plaster will set firmly in an hour, and the original can 1 x 3 stripped out, 
often most easily by immersing the whole block in water to eliminate suction. 
All that remains is to cleanse the mould with water and render it nun-porous 
with two or three coats of enamel, shellac, or soft soap worked on the surface 
for twenty minutes in a lather, followed by a film of oil or grease each time the 
mould k used* 

Casts can bo made in any suitable plastic material, such as cement, plaster, 
paper-pulp,, or papier mAchd. W alls arc again built against the ridea of the 
mould and the plastic run im Separation under water may again be necessary* 
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A plaster model is greatly strengthened by immersing pieces of cotton or wire¬ 
netting in the plaster when liquid. A wire loop can al*o be inserted for hanging 
purposes. The relief of coinparat i vely feature [ess areas is brought out when 
drainage is marked on the model. 

There is a great deal to he said in favour of using builders' cement fur the 
mould It takes longer to dry and improves or cures if allowed to lie for some 
days. It is rather heavy, but very strong. less porous, and Jess liable to get 
damaged than w plaster mould. Cement can also be used for positives - The 
surface when cured takes point, can be written upon in Indian ink, and can be 
varnished* 

A [duster east is best treated with weak Ri 2 £ p then coloured with |>nster or 
oil paints. Taint is nlao used for riven? and names, os it does not flake off &s 
readily as Indian, ink. The surface is finally treated with a solution made by 
dissolving one part of white wax in ten of warm turpentine. If the original 
surface is pitted, holes should be filled with killed plaster before painting. 
Some people prefer Keene's cement* which is handled like plaster of Paris, 
but. hardens leas quickly* 

Relief models are sometimes coloured to show geology. Then the strata are 
shown m section on the vertical faces. Laud utilisation could equally well bo 
shown and cxjrrelation revealed between utilization, topography, and altitude. 

Paper pulp, which can be used in the mould Like any other plastic materia!, 
is prepared hv soaking tom newspaper, blotting, or tissue paper in water for 
some days, and beating it till a pulp b fanned. The process is hastened by 
boiling and adding small quantities of caustic [jotash* but if this is done the 
pulp should he thoroughly washed before use. Once a pulp has been produced, 
excess water should 1>e squeezed out and the pulp mixed with an adhesive such 
os llour paste, cold-water paatOj gum arable, glue, or planter of Paris* 

To produce a model in papier rnttcho. five to eight layers of paper are posted 
in the greased mould. On dryings the mode! shrinks and leaves the mould* 
The papier mucke Is prepared by tearing any rough surfaced, unghsed paper, 
smeh as newspaper, sugar pn|»cf T or cx^jcrimental paper, into 2-inch squares 
mid allowing these to soak in water for an hour, after which they are removed 
ami pressed fiat lietwoeu sheets of blotting-paper- Flour paste, with a teaspoon- 
ful of powdered alum to each cup of flour, forma a suitable adhesive. It desired, 
a layer of butter muslin or plain paper can be used as the first in the mould. 
In order to tell when the whole surface has received a complete layer of paper, 
it h advisable to alternate the direction of the print, or mse different coloured 
papers for different layers, A long period of drying is desirable. The surface 
can Ije rubbed down with glaa3-paper and painted. McMleb made this way are 
rather liable to warp p but are extremely' light and durable, and suffer no harm 
even if dropped* 

If the original model b built in low relief with layers of cardboard or plywood 
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and the &tep$ have not lieen taken out, a sheet of plasticine pressed over the top 
takes an adequate impression, and when stripped off serves as a mould- Cement 
or plaster is mixed and poured in. The plasticine may allow some distortion to 
occur because of its flexibility* hut no difficulty is enommtored with alight 
undercuts which almost inevitably remain when t he steps of a layer relief model 
have not been smoothed out. 

5. VeimcjLL Scale 

It is not always practicable, or even desirable, to ninke the vertical scale of a 
relief model the same as the horizon tal scale. E van on a 1 -inch model of E tig land s 
w hich would measure about 10 yards from north to south, the highest mountain 
without vertical exaggeration would he only | inch high, A rise of 50 feet, 
though significant to the average individual, Is only ^th inch rise on a true to 
scale models just the thickness of a sheet of writing-paper. Consequently* in 
all but very hilly country vertical exaggeration is desirable on l-inch maps, 
both to bring out significant relief features and to produce what the cyo 
interprets as a reasonable representation of relief. Models with a horizontal 
scale of lesa than l inch to the mile normally require considerable vertical 
exaggeration, but this should never bo such as to caricature relief. Models 
made fh™ tHneb map* can have identical horizontal and vertical scales. 

Probably the best general rule about vertical scale iu to aim at a model whose 
range of altitude lies between I inch ami 1 inch, Tin** approach eatery for moun¬ 
tain pub and Sat land, large anti small scales. The vertical and horizontal 
scales should be stated on the model, and also any vertical exaggeration- 

fl. Model Ti&mzoy 

An illusion of a landscape model may be produced very quickly and with so 
little trouble that it is worth trying by all who arc interested in maps. The only 
apparatus required is a contoured map, about half a dozen ^ beets of gloss, 
a square foot each, some thin oil paint, and a brush. Cloche gWs is convenient 
find cheap and may usefully do a turn in the laboratory during its od-season, 

A sheet of glass La placed over that pari of the map which it is desired to see 
ju relief and the lowest contour is traced on the glass with a water-colour brush 
dipped in very* thin oil paint- Provided that the contour is easy to follow > the 
time token should 1>e no longer than with pencil on [tfiper, Intiinrahhers or 
small squares of cardboard are then placed or glued at the corners of the glass 
and a second sheet is laid on top. The next highest contour b then traced, and 
the process rqieated till the work is finished. The result is a remarkable illu¬ 
sion of a transparent solid model within the glass sheets, an effect which is even 
heightened by boxing in the edges. 

There is little need to go into detail. Oil paint, is easily Lhinned with tur¬ 
pentine, and a thimbleful is more than enough to complete ihe job. House- 
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prtjnt or artists’ oil colour is suitable. The contour interval should be uniform, 
and suck that the range of relief in the urea treated is covered by the number of 
glass sheets available. Speed and certainty in following the contours is increased 
if these are first traced on pajHsr so that unnecessary detail docs not confuse. 
It is desirable to number the class shoots, arid unless these are identical in site, 
to put guide-marks at the corners to ensure correct placing on subsequent 
occasions. Incidentally relief of the region may be shown in reverse b> reversing 
the order of the glass sheets, or a mirror view obtained by maintaining correct 
number order ami turning each sheet face downwards. 

The appearance of the model is naturally affected by the thickness of the 
comer-stops. Experiment is desirable to establish an optimum thickness, but it 
seems that when these are about double the thickness of the gloss, a satisfactory 
result is obtained, so that half a dozen sheets give a model about 2 inches high- 
Appe&r&noa is improved if jv white sheet of paper Is placed tinde r the model* 
and stops are placed on this to rate? the first sheet of glass also. Intricate con¬ 
tour patterns are possible* hut details of drainage cannot be inserted. 1 hero ia 
also difficulty in showing summit heights, but names are fts easily painted on 
the glass as the contours themselves. The glass is cleaned quite quickly with 
turpentine* and may be uied again for other districts or land form®. Sheets of 
transparent plastics may prove more convenient to handle than sheets of glass. 



CHAPTER NINETEEN 

BLOCK DIAGRAMS 

Attotheh method of learning to rend relief, and the lust which will be described, 
is by drawing block diagrams. These may bo regarded hs sketches of relief 
models, and they Imre the advantage not possessed by models in that they can 
be used in book illustration. They can be drawn from the map without Brat 
producing a mode!, and some interesting problems arise during the process. 
Time, patience, imagination, and nrlistie ability are nil desirable. Various 
approaches may be described under the same headings that were employed in 
the first, part of the previous chapter, though it is more convenient to change 
the order. 

A small area with distinctive relief features should first be attempted and a 
direction of view chosen that is likely to yield good results. If the topography 
can be visualised from tile contours, a view of the landscape which would yield 
a good photograph is likely to prove suitable for experiment. 

I. Tub Layer Method 

There are four distinct steps in Lhe production of the block diagram, and 
these are described In order. 

(a) A Plan Vieu' is first traced from the map, as in Fig. 71 (d), showing con¬ 
tours and drainage. The basis of this example is an area 3 miles square taken 
from a I-inch map. Onlyihc 2,000-. and 2,500-fcet contours are drawn os 

they are sufficient to reveal land form. They are numbered 1,2. 3, A 1-inch 
grid is superimposed for reference. 

(A) A Petiptdiv* View, as in Fig. 71 (A), is then drawn on tracing-pai«r. The 
amount of foreshortening and the spacing of the horizontal grid lines is host 
judged by eye. The grid linos provide a guide for copying the contour lines 
as they would Appear in perspective. An extension of the near edge provides a 
marker for use in the next stage, 

(e) A Raised Contour Vinu\ as in Fig. 71 (c), in produced from the perspective 
view first by redrawing the perspective base si tups minus the contours, but 
with the marker line as before. Vertical lines are drawn at the ends of this 
marker line, and scaled upward in tenths of an inch, starting at 0. Trial may 
be necessary to establish the best scale unit for any particular model, hut it 
will generally be found that divisions should not exceed I/10th of an inch each 
in length. Or, pul differently, the range in altitude on the block diagram might 
conveniently lie between \ and j of an inch, just us it might for the solid 
model, Vertical lines are erected at each OOnter of the base shape, to represent 
the vertical edges of the block. The tracing is then placed over the perspective 
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base shape, with its marker hne on the murks numbered 3. The contour 
numbered 3 is then traced. Next, the tracing is drawn down the page till the 
marker line is on the marks numbered 2, The contour numbered 2 Lh then 
traced. If this second contour nuts the one drawn first, the intruding port is 
rub bed out, as in a model It would be out of sight behind tho first. The process 

V>. 
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F i«. 71. St ago# in d rawing a h Sock diagram„ Head of £1 leu Tro m ie p Soot land h facing ^ mb* 
ffij Finn viirw and front «wtian. I|6) Penspraima ywfw* 

(e) Raised contour view, fd) Sketch view. 


if repeated for the cunlmir numbered 1 p while the marker line is on the mark* 
numbered 1, Any unwanted part a of this contour are similarly nibbed out. 

To complete the edge* of the block, the free enda of the oontoum arc pined 
In turn by tinea running from one vertical comer of the block to the Host. 
This operation presents no difficulty on the front edge because the result is a 
straight forward vertical section along the near edge of the plan or perspective 
view p as seen in Fig, 71 (a), but imagination is nceefisary in drawing the gtt&tly 
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foreshortened side edged r for in places pa rig of the vertical sections may pass 
out of sight behind high land* indicated by the horizontal contour Vinos, 
BeptJi may be added to the front face to make the block look thicker; and the 
rivers should be marked. 

Id) A Sketch View or block diagram, ag in Fig. 71 (*/), fa then completed by 
placing a clean piece of tracing-paper over ihc raised contour view am] drawing 
a minimum number of linrs down slopes and elsewhere as deemed essential 
to bring out the hmd forms seen through the tracing'pa per. In some places 
rivers will l>e adjudged m out of right and hence not drawn as continuous 
lilies. All edges of the block arc traced, m they are most, significant in aiding 
the eye to visualize slopes. The best resuite an? often obtained by shading with 
a soft pencil, but pen is usual if printed copies arc required* Much can be gained 
by studying the technique of the masters* 

2, The Section Method 

Steps token to produce a block diagram by the section method are similar 
to those described for the layer method, thus; 

(a) A Plan Vfcw % with grid, fa Lraeed from the map* 

{b) d Perspective View fa drawn from the plan view. 

{£) A Maltipie-seetion Vivw is then obtained by redrawing the base shape 
and grhl of the perspective view, and drawing upon ifc m correct position a 
series of parallel vertical sections taken uerogs the perspective view. Tho 
result should look like a sketch of a model in production by the motion method. 
Or with reference to a particular figure, a view of Fig. 70 {a p id in this stage 
would show a series of sections like that drawn along the line A-B n but got ting 
shorter from front to back with the escarpment edge moving to the left in 
successive sections. 

{d} A Sktfch Ffaro Is completed by placing tracing-paper over the mult-ipLe- 
scction view* and with economy of line, indicating land forms and drainage 
as ijefore. The front section provides a face for the block, but depth can be 
added if desired. The side edges are drawn by joining the free ends of sections* 
while the back section itself forms the back edge. 

If accurate perspective is aimed at, the vertical scale of the sections must 
be reduced from the front section to the back one* 'Ibis is not a difficult matter, 
as reference to Fig. 12 shows. Simply extend the side edges of the perspective 
base whapo til] they meet at a point referred to as the vanishing-point* At 
the comers of the front edge erect vertical lines; and on these mark off a scale 
ready for the front section H Then through each mark on the scale draw a line 
back to tho vanishing-point. Then wherever a section fa drawn across tho 
block, these converging lines give the appropriate vertical scale. 

There is no similar easy means of introducing true perspective into the layer 
method. The same means can be employed to get a true perspective section. 
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but this would not wcurately join the free eqds of contones. which are raided 
the same amount regardless of their distance from the observer. 

3. The Peg Mirraon 

As before. Lb & object ia primarily to produce by logical methods a drawing of 
the model af it would appear in production and from this to make a sketch to 
represent the landscape. 

{«) .4 Plan View, and 

(A) A Perspective View with grid are 
once again drawn. 

(c) A Peg Vkw is then obtained by 
r I rawing vertical lines to seals to represent 
pegs on the perspective view, not so 
much along the contours, which need not 
1H 2 drawn in this method, but to repre¬ 
sent heights of mountains and escarp¬ 
ments, and of rivers at significant places 
along their courses. The base position 
of any peg can be determined by trans¬ 
ferring its plan portion to the perspective 
drawing. The height or length of the peg 
as seen in perspective Is determined as 
m the action method shown in Fig. 72* 

When the heights of sufficient spots have 
been shown by pegs, vertical sections 
arc next drawn along the front and rear 
edges of the block, either fry a method 
already described or simply by drawing 
vertical pegs of appropriate height at 
significant points along the edges, and then job dug peg tops. Drainage should 
be inserted al ibis stage. 

{d) A Sfctek View is finally obtained by placing tracing paper over the peg 
view, and drawing responsive lines to indicate topography. Drainage is marked 
hi id depth added to Die block if necessary, 

4, Uses of Bi^ck Diagrams 

Block serve several useful purjxiMS. Above nil they can be used 

to show the relation bc-twmi topography, geolog) and structure. The latter 
features are drawn from geology maps upon the vertical face of the block. 
The evolution of a land surface can be shown by a aerie* of blocks. They require 
very little skill in their irrterpretaton, they render Jong verbal description 
unnecessary, and arc fairly easy to remember and reproduce. They illustrate 
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Fig. 72. Identical vprtlcnl 
drawn w pertipeetivT 1 along the front and 
bock vdgf'* JL block, Panra of pegs 
lettered tf a". 6 k* rttv of identical height, 
but a re shown in perspective height. 
The appropriate heights of sections or 
pegs in intermedin ic positions nmy be 
th-Ccravciwd Frcmi the wafn grid dong til* 

siilo edge*, Catnpartf the Irant dnJ^t? of 
the block shown La Fig. 71 (a). 
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land forms better tlmn photographs do, and when applied to fairly oxton* 
fiivr Eirens, they illustrate topography in a way which maps alone fail to do. 
Thus a block diagram erf a region exhibiting river capture is often a better 
iUixsiration than a carefully contoured map on which the vertical interval is 
rarely less than M feet. So far they have been employed mainly by geologists 
and physical geographers, but poss (bib ties seem to exist for using block diagrams 
in conjunction with land utilization. Such diagrams would bring out landutiliz.it' 
tion in relation to tojsograpfay and altitude* 

In the description above, all illustrations have been based on one-point 
perspective, so that only one face of the block is shown* By two-point perspec¬ 
tive, one corner of the block is made to appear near to the observ er, revealing 
n face to left and right of the near corner. This involves some complication of 
[impeciive in the section and peg methods, but intelligent application of the 
principle* of perspective already diserased should solve the new problems 
that arise. 

5. BijOck Diagrams and Rmall-soale Maps 
The methods described in the production of block diagram * nei dilute the 
us*e of topographical maps to bring out detail of relief, and some artistic ability 
in the final stage to represent the surface pictorially. Much of their value is 
lost if recourse is had merely bo atlas maps, but the pictorial method of re¬ 
presenting topography aa used on block diagrams can be applied to small-scale 
maps with considerable success. No perspective view of the outline is attempted 
but different types of IbinlsG&pe are treated pic tori ally on a regional basis. 
Elevation alwve seadevel ii not shown by this physiographic method, but- 
topography ia often u more important factor than elevation, so on balance there 
may he a gain. Skill is required in the preparation of the maps, but they mu 
easily interpreted by people unskilled in reading conventional physical maps. A 
scheme has been developed clarifying topography into forty different forma* 
each of which has fairly distinctive pictorial representation. The work shown up 
well in black and white and has possibilities both in geographical literature and 
especially for maps in the daily press. 


CHAPTER TWENTY 

INTERPRETATION OF LANDSCAPE FROM SLAPS 

In studying a map, outlook is conditioned by the purpose in mind. The motorist 
is normally interested in roads, the airman in navigation, and the yachtsman in 
coasts and harbours. The broadest of map studies, which is the purjtose of the 
present chapter, may be described as geographical. To pursue such a study suc¬ 
cessfully, facility in map-reading and training to interpret landscape os revealed 
by the map arc "necessary. Both physical and human jeograpky are involved. 

1. PhYSTCAI, IXTERFRETATIOS 

The physical geography of the region shown on a map can bo studied under 
two main leadings: (u) Relief and (4) Drahiage, 

(a) Relitf. A glance at the map should reveal the general height of the region 
above sea-level If high, it should be noted whether the surface could be de¬ 
scribed as mountainousaiid, if so, whether the mountains have a common summit 
level, probably indicating that they have been eroded from a former uplifted 
plain or [wncplain. Any characteristic mountain pattern should be observed. 
The country may show a grain in one direction indicating folding! faulting, or 
parallel lines of erosion as caused by the movement of an iceabect. Mountains 
may be grouped, irregularly distributed, or isolated, as iu the ease of some types of 
volcanic phenomena. Well-defined mountain forms may be apparent, such as 
the peaks of skrtiu, the rounded uplands and tors of usicient igneous laccoliths, 
or the flat-topjwd table-mountains and mesas of dry lauds and regions of hori¬ 
zontal strata. The walker will inevitably look for the spurs and shoulders which 
lead to the crests or ridges and will in imagination avoid the valleys or reentrants 
that bite back into the mountains only to end in precipitous slopes which seem 
to guard the summits. 

Some high regions show less variety in relief, and are better described as 
plateaux. The plateau mav lie of uniform height or show a slope in one direction. 
Detail may take the form of ravines, gorges, Slid canyons, or of flat-topped hills 
like the kopjes of the vdd. Lower plateaux often descend to the lowland in a 
single escarpment or scarp. The steepness, regularity of slope, and degree of 
dissection might bo observed. 

Other regions may be described as merely hilly. Such a term is often used when 
lire rifce and fall above the general level of tho land does not exceed a thousand 
feet. A surface dotted with hillocks or knolls may l?e described as hummocky, 
while a rolling surface typical of grass-covered chalk ureas is often termed down¬ 
turn!. 

If the region is not high ubove sea-level, it may take tho form of a rolling plain 
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or lowland, or an almost featureless plain. If it te an ares over which a river 
apparently zanders in the course of time ■with consequent deposition, it ma 3 F 
be termed a flood plain, pr if worn almost flat by erosion from highlands i a 
peneplain. 

Most studies arc simplified if the area .lends itself to ready subdivision. Tims 
the bill district of tbe north-west might be differentiated at the outset from the 
south-east lowland, and the detail of each region studied In turn. Suitably 
chosen names give a sense of intimacy to the study, A sketch-map to show sub¬ 
division should 3)0 Ixumthsd by lines to give a figure similar in shape to that of the 
fiheeti itself, and dngte lines should be drawn betur* n regions, not round them, or 
patches of no-man's-land will appear. The numl^r of regions is best limited, 
with subsequent subdivisions of main types if this is necessary. 

ft) l^raint rjr. At the outset the direction of the main rivers and the extent of 
their basins should be noted. The basin of s river is the whole area drained by 
the river and its tributaries Adjacent river basins can i>e demarcated by carefully 
plotting the water-partings or watersheds which separate them. These divides 
usually coincide with the crests cud cote, and again, they are represented by 
single lines between adjacent basing, and not independent lines round each. 

Ia highland regions streams are often fairly straight and river pattern simple. 
Gradients arc considerable, flow te rapid, and waterfalls frequent. There is much 
vertical erosion, and valleys are characteristically V-shaped, narrow, and deep. 
Streams eat hack into the high land, and those which find a line of weakness, such 
m a fault or softer beds, cut deeply and by excavation of their valleys undermine 
and capture streams from other valleys. Recent and imminent caeca uf river 
capture are apparent when drainage is studied. 

Jn flatter regions streams have less gradient, are less swift, and often swing 
from side to side. The valley form is more open, though the river pattern may be 
more complicated. There is less vertical erosion, but more lateral erosion. In 
some eases subsequent uplift and rejuvenation may cause renewed vertical 
erosion and tho formation of incised meanders* or simply river terraces and plat¬ 
forms, River capture may still occur, and leave dry gaps or wind gaps which worn 
cut by streams through ridges before the streams fell a prey t o more vigorous 
neighbours. Small misfit streams may meander along the floors of the valleys 
of once-iinportanfc rivers. 

On the flattest hind,, whether high or low, rivers fluty be s^en to meander aim¬ 
lessly, The rivers toil with their bad of silt, building beds above the surra witling 
landscape. Tributaries find difficulty in entering the mainstream Giro ugh look 
of slope towards the river, or even through reversal of elope. Old mcandere mu 3 p 
become isolated and appear as lakes* variously called oxbow lakes* mart-lakes, 
cut-offs, or billuboDgs. The band of man may lie revealed by a network of canals, 
dikes, and cuts constructed to drain the urea. 

In dry regions Valb> r B may still he present, but few may bo occupied by 
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rlvere. Streams may descend from Lhe high land, drop their loads of rock waste 
ela alluvial kins, and then disappear* Kivers that are supplied with a lar^o 
volume of water usually show much vertical erosion hut little lateral erosion 
in crossing a dry region p with resultant canyons and ravines. Dikes and c&uula 
may again appear, hut as irrigation instead of as drainage channels. 

In very cold regions the surface may be largely covered with ice and snow, 
while in others the valleys may contain glaciers. The effect of ice eroalon may 
be seen to |K?rfection in some regions now free of ice. The nut in valleys are U- 
shaped, with small lateral valleys joining in a precipitous plunguiit the junction. 
These are the hanging valleys bo characteristic of glaciated regions. Small 
lakes may still occupy the lloora of conies or cirques and dot extensive eroded 
landscapes, while larger lakes occupy inoraine dammed glacial valleys. 

Drainage features not only afford information about climate and physical 
history, hut inferences can bo drawn about the nature of the rocks. Thus it in 
a region of considerable precipitation aLreums disappear at a certain level h it 
can Ihj assumed that a wry porous stratum, os of limestone T has 1 h?oii reached. 
The reappearance of streams would Indicate the existence, at that level* of tin- 
pervious beds. Extensive areas of pure limestone may show practically no 
surface drainage, but features tiliaracLeristic of karat or causses. With ex peri once 
it is not difficult to distinguish such an area from a sembarid region of inland 
drainage with its salt hikes, wadis T and bobons. 

(Joa^ reflect both relief and drainage, and notice should ho taken at least 
of outstanding features. Characteristic forms include Sow sandy shore-lines 
with or without dunes; high cliHs; fiords often with skerry bands; and rias. 

2 . Human INTERPRETATION 

After the physical geography of tho map region has been studied, the human 
geogjwphy uf the area should receive cjrilical attention. It must be appreciated 
that there has }>een much skilful compression of in forma lion, and hence careful 
and detailed study of the map will reveal infinitely more than a superficial 
examination. The fact that something fresh ran nearly always be discovered 
on probably explains why they fasrinate so many people* Constant 

referent o to the key is necessary both to interpret symbols and to understand 
abbreviations. 

One potnt which should receive early alien Hem* though often obvious, is 
interrelationship of physical features and communications. In iiiouutainous 
regions advantage is taken of valleys and cols, ilo-tub often avoid tho valley 
bottoms h and railways employ cuttings and tunnels to avoid climbing* Canals, 
if present at all* must of necessity follow contours between locks. In regions of 
|KH>r ifnitnsge roads and railways often seek the higher, less fioodable land even 
where this moans by passing villages built on isolated ^witches of gravel. Resort 
is oho had to embankments and viaducts* 
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Eubdi virions which are used for description of relief frequently serve for 
analysts of distribution of settlement, In mountainous districts villages are 
often situated on the only flat land on the valley Hoot 1 , where they have the 
advantages of easy comm umeat bus, fertile soil, arable land, anti protection 
from severe winds, and also where advantage can be taken of water-power from 
lateral tributaries and of hill-Mope pastures. In some mountainous districts 
settlements are strung out high above river-level along the sunny side of the 
valleys. 

On low-lying, floodabk hind settlements are prone to seek knolls of gravel 
which raise them above flood-level. Since these patches of gravel are often the 
result of river deposition, they tend to occur in lines, and so do the settlements. 

In rolling. well-drained, rich agricultural areas villages are frequently evenly 
distributed. The village in the most accessible position tends to develop as a 
market centre and outgrows others. 

Settlements may also reveal a re la lion to water-supply and drainage. One 
type of water-shunning settlement has already been described. Many village*, 
though near the sea, seem to turn their backs upon it and depend for their exis¬ 
tence upon agriculture. 

Where w ater is scarce, whether on account of the nature of the rocks, as in 
karst country, or on account of climate, settlements seek water. In such 
regions, wherever a spring occurs, or urate rtable la high, human habitation duds 
at least one favourable factor. Springs often occur in tinea at the foot of an 
escarpment or where an impervious rock outcrops beneath a porous one. 
Hence wet-point or spring-line villages tend lo occur in lines like dry-point 
village*. Sea side and lake-side holiday and health resort* and Cal dug villages 
might also be regarded sis water-peeking settlements, 

Some regions are remarkable for the density and ahe of their settlements. 
In these will generally bo observed abundant evidence of mineral wealth, 
industrial activity* and a network of roods* railways, and canals. Relief may 
impose a peculiar distribution in such an urea, ns in the South Wales coalfield 
where houses, mines* and mills are strung out along congested valleys. 

The situation, form, and function of major concentrations of population 
mav call for comment: the route town* £ui L t 7 bridge town, port, market, or 
industrial centre. The map may provide evidence of facLors determining the 
general situation of settlements and also of their precise location. Many 
ancient towns owed Lheir importance to converging routes, but their life they 
owed to sound natural defences of a particular site. 

Prehistoric tumuli, ancient earthworks, and indications of primitive land- 
routes may provide evidence that peoples lived and moved about within the 
urea thousands of years ago* just n-.. place-name* with such endings ns thor 
tfnwitz, and ton provide a clue to the origin of later settler*, in these case* 
DauLib, Norwegian* and Anglo-Saxon respectively. 
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The occupations of a people arc? always an important usjiect of the human 
geography of an area. The map usually affords much direct evidence of occupa¬ 
tions by marking such things as mines p quarries, quays, farms, and. mills. 
Much also can be inferred, forestry in a forested district-, catering in a town 
at the sea-aide where there are good sands T slieep-rcarus^ on moorland, and so 
ou h though U is well to state clearly the bask of any u^miiptions. Thus upon 
the physical basis is built a picture of the life of the region, and an appreciation 
developed of the intimate relationship betw een physical background and human 
development. 



CHAPTER TWENTY-ONE 

INTERPRETATION OE AIR PHOTOGRAPHS 

Thebe is no doubt that llie air photograph lias come to stay as a commonplace 
toeanB of illustration, atul it may come as a supplement to maps for official and 
semi-official purposes. It seems certain that the uninitiated gather far more 
from one oblique aerial photograph than from several maps. 

1. Oeiestixo a PnoToo ra p n son INSPECTION 
An oblique photograph is naturally viewed in the camera direction, and 
though rectangular in shaiie, a plan pf the area is approximately V-shaped, 
the arms opening out usually between 40“ and 00°. The map convention that 
north should be at the top docs not follow, and if location and orientation are 
being determined in conjunction with a map, churches, bridges, and stretches 
of road and railway are of assistance. 

A vertical photograph should always lie placed with the shadows falling 
towards the observar as in Plato VIII, for reasons mentioned in the section on kill 
shading. Tlie shadows are not very pronounced in this photograph, but the 
effect, especially on the railway embankment, of turning it the other way 
round should be tried. But for the river, it might then t* interpreted as a 
cutting. As with obliques, north is not necessarily at the top. 

Objects on large-scale photographs are fairly easy to recognize, but. ex¬ 
perience is necessary for even superficial interpretation of email-scab photo¬ 
graphs. If taken when the sun is fairly low but bright, shadows are very long, 
while the foreshortening cl objects gives them mi unfamiliar appearance. 
Because of the contrast in tone, shadows are often more prominent than the 
objects themselves. Shadows sometimes give information about objects seen 
in plan. It seems tolerably certain, for example, that the church in Plate VfTT 
has a spire and not a tower. 

If possible, stereoscopic pairs should be examined in the stereoscope, for 
much that is otherwise vague and on certain is then revealed. 

2, PHYSICAL AND HfMAN INTERPRETATION 
There is no need to repeat in a slightly different form what lias already 
been said in Cliapter XX on map interpretation. Since it was written first, 
however, and without thought of the present chapter, it is of interest to re-read 
it with air-photos in mind in place of maps. It will lie seen that practically the 
whole applies equally well to photo interpretation. 

There arc differences, however. A Vertical photograph nearly always covers 
far lose ground than a topographical map, so it ia likely to include less topo- 
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graphical and human variety. But there is Far more detail on the photograph 
t han on the nap. The photograph will vary with the season, and show tem¬ 
porary" features sucli as hayricks, Barnes, which aid interpretation, axe missing 
from the photograph. 

The surface of the photograph, even when not viewed atcreoscopically, has 
a more plastic appearance than is obtained by contouring, and ilifforent types of 
land are more readily distinguished h such as badlands, boulder days, bedded 
limestones, or rolling diatklands. The to|»ographkai map shows a selection of 
the features of the visible landscape* and employs irtudi symbolism. The photo¬ 
graph records all features, but the small scale and unusual view render them 
difficult of identihcation. 


3. Economic Xstebpketatton 

Economic interpretation of aerial photographs m to & great extent the work 
of specialists, hut it is worth while at the outset to take heart and realize that 
specialists axe nut possessed of supernatural optical powers, hut are aided 
by a background of knowledge anil experience. They ure greatly assisted by an 
examination of photographs in deciding such matters aa road and railway 
routes, laying out of [over schemes and water-supply; land drainages irriga¬ 
tion and soil conservation, economic possibilities of existing forests, agricultural 
potentialities of undeveloped areas, and the places most likely to give positive 
results Ln mining and prospecting, or archaeological research. One case is 
recorded w here a million and a half pounds' worth of work on a railway in a 
tropica! country was scrapped and another route chosen after an aerial photo 
survey. 


4. Detail I&TmK ST A TIO N 

As already indicated, it is in the mass of detail that the photograph is unique 
os a topographical record. 

Artificial objects such ns houses and gasometers became bounded by straight 
tinea or by regular curves w easy to identify- Hayricks and bonis may be mis¬ 
taken for cottages* unless one finch supporting evidence for the latter assump¬ 
tion, such a& a surrounding garden plot. Railways are easily picked out by long 
straight stretches, regular curves, cuttings, and embankments. Bonds are 
less regular, arc usually without cuttings and embankments, and often show 
ribbon development. Sonic natural objects* such as rivers, streams E and woods, 
arc also easily picked out. 

Tone is due to tho amount of light which Is reflected to the camera, and this 
in turn depends primarily upon the nature and texture of the surface. Water 
and standing corn may appear almost white till rippled by a breeze. Field 41 
in the accompanying figures is a good i I Lustration of reflection. On the other 
hand, smooth water may he in a part of the camera field from which it reflects 
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INTF.R m STATION OF AIR PHOTOGRAPHS 
no light, find it then appears almost black. Tracks show up so dearly because 
a reflecting surface has been termed through pressure. Often the tow path along 
a [‘anal appears as a light line. Roads, though dark in colour, reflect sufficient 
light to appear a lightish grcy + 

There b obviously opportunity for nice weighing of evidence, as to orienta¬ 
tion, time of day and treason, and purpose of things Been, A lake may bo 
observed to have a dam at one cnd p evidently then a reservoir. If for 
drinking-water, shores are likely to be cleared end trees farther back to be coni¬ 
ferous rather than deciduous. A gate-bouse may bo Been near the dam* If for 
power, factors: to ensure purity of water will be Ices in evidence* If for pleasure, 
t here is likely to be a boathouse, boats, n pavilion, diving-stands, and a bathing- 
beach. The detail which can be seen inevitably depemls to a great extent upon 
the Hcale of the photograph* and its interpretation upon experience. 

Without further ado, these ideas might be applied to Plate VIII and an 
attempt made to identify and compile a full solution to the numbers in Fig. j ft. 
The photograph shows an interesting range of tones and textures. Afienv&rd&t 
reference might be made to the official version recorded beneath the figures. 


PART II 

STATISTICAL MAPS 


CHAPTER TWENTY-TWO 

DOT MAPS 

The npmfintatum of the earth's surface m map form by no means exlmusta 
the possibilities of mapping. Maps are in continual demand to show the dis¬ 
tribution of rainfall„ temperaLure, crops, population, minerals, and a hundred 
ot}ier things of social and scientific interest. These nr? dbtiisgiiisbed from 
topographical maps under the general title of Statistical Mapz^ Sometime 
they ate termed Ditfritmtion Maps, but strictly speaking this term is applicable 
to all maps. Well-known ty|jes are distinguished according to the method of 
representation employed. Thus there are Dot Maps, Density Maps t Ixolint 
J tfap* t and Diwjram Maps* 

For the successful compilation of statistical nrnpa it i$ desirable, firstly, to 
haw specialised knowledge of the map-subject; secondly t a general knowledge 
of methods available to represent statistical information in cartographical 
form; and thirdly, an appreciation of map projection, since the projection 
deterudues the properties of the space background upon which the distribution 
is shown. 

Since such maps are more often the work of geographers, economists, and 
students of social problems than of professional surveyors and draughtsmen, 
the first point can be dismissed. The second point forms the subject of study in 
subsequent chapters, while that of map projection has already received con¬ 
siderable space. Suffice to say, therefore, that in general all quantitative 
distributions and most qualitative ones are most appropriately shown on Equal- 
area Projections, unless direction is a vital consideration, in w hich case use may 
lie made of Mercator's, the Gnomon! e r or Zenithal projection. 

Although probably not a century old + t he Dot Map has established itself 
as an exceedingly popular form of statistical map, Description of the const ruc¬ 
tion of a dot map will make the method plain, 

I* Construction of a Dot Mat 

Suppose that it is desired to map the distribution of woodlands in Britain. 
Statistics arti available showing the acreage of woodland in each county. The 
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following extract is for southern England only, but the method is equally 
applicable to the whole: 


x» 

County 


2. Arm in iPOodlti n.f 

3* Pa- cfnir land nr&i 
in woodland 

Berkthire 

* 4 


derty P 1924 
39.364 

B>7 

Cornwall 



27.985 

3 2 

Dfvqu 



ao P Qio 

4-8 

Dorset 



39.202 


HuinpiJnrc 

r * 


122.038 

11-9 

KjuM 



198.255 

IM 

Middlesex 



l P 6®7 

09 

fiomcr&ut 



15.500 

44 

Surrey 



56.450 

12-3 




mm 

14 0 

Wiltahim 



6i t Q03 

5-9 

Entrust 

- 

* 

2,05$ h §72 

5-3 


(Census of Wocdiattd^, li.ll.S.O., 102^.) 


In addition to the statistics it ts necessary to obtain on outline map of 
Britain showing county boundaries, such os is normally available in any atlas 
on a convenient scale, say, of t: 2,500,000 or 4L> miles to I inch. The outline is 
traced in ink, and the county boundaries are inserted in pone il. The counties 
am referred to as statistical units. If figures hod been published for parishes, as 
they arc for population, an outline showing subdivisions of counties into parishes 
might have been employed, and the statistical unit would then have been the 
parish, 

A preliminary examination of the statistics suggests that a dot could Ire 
inserted in the appropriate county for each 1,000 acres of woodland. Thus 
Berkshire’s woodland would be represented by 40 dots, Cornwall's by 28, 
Devon’s by 81, and so on. 

It is necessary to take into consideration not only a suitable dot value which 
determines the number of dots required for each statistical unit, hut also a 
suitable dot size. Column 3 of the table of statistics shows the percentage of 
woodland area in each county, and this reveals in which counties dots will be 
dense and in which they will bo sparse. It is advisable to make trial of dense 
and sparse areas to ascertain the most suitable dot size. Different methods 
of making dote uniform in shape, size, and density, and with a minimum of 
effort, are described later. 

When preliminaries indicate that the effort is likely to meet with success, 
the appropriate numbers of dots are inserted county by county. The bourn 
dimes are then ruhired out, and an impression of the distribution of woodland 
remains, os shown in Fig. 74. Thu map reveals that when dotting was in 
progress comity boundaries were perhaps unconsciously avoided, with the 
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undesirable result that they now appear as broad white hands running between 
dot clusters* though the actual distribution of woodland in the field has no 
regard to county boundaries* 

2. ADY ADAGES of THK I>OT METUQB 
When dealing wit h rbstributiona by area it is ooeariomll)' possible to maintain 
a tme-to-acale dot, and so show absolute density over a region. But neither 
distribution nor relative density is affected if the dot covers a larger area than 
it actually represents, which is usually the case. On the Woodlands Map dots 
cover about 20 par cent, of the paper, but woods cover only about 5 per cent, of 
the country, i In, very small-scale maps dots are sometimes one or two hundred 
times larger than the areas to sen to which they represent. 

The dot method is not limited to distribution involving areas, but can be 
employed to show distribution by value* volume, weight, and number. The 
sure of the dot then bn-s no particular significance, and is simply a matter of 
convenience. Much of the graphic effect, how ever, depends on balance between 
MpaoE background and the area covered by dots, no less than upon careful 
dm light Am&mhip, 

Because dots are discontinuous in form., they lend themselves particularly 
well to show the distribution of things which occur in discontinuous units, 
Kiioh as people, stock, and crops. The sporadic dLstributbiis iu which these are 
found can be imitated by a simitar sporadic distribution of dots. 

Further, the distribution of more than one commodity can be shown on a 
single map, and though as a rule this is not good practice, it may lie of value 
to have on one man related commoditieSj such as sugar-beet and sugar-cane* 
or rice and wheat. If distribution nowhere overlaps, they may he distinguished 
by a dividing-lino or by dobu.r-wa.Nhes on the base map. Otherwise dots of 
different shapes or colours may be employed* By such means distributions at 
different periods can l* she wo upon a single map. 

The dot method ia sometimes referred to as the absolute mdAod* treatise of 
the absolute ratio between quantities represented and the numbers of dots 
employed. Every sf-Btritieal unit hits placed within it the appropriate number 
of dots, jieifl in this respect is independent of alt other units. The same is not 
generally true of shading and colouring* iu which each statistical unit ts signed 
to one of a number of predetermined grades or colours If on sutib a map the 
differences in density from region to region are only nlight, the inevitable changes 
of colour or shading are likely to give the impression that changes of density nre 
material. The dot map in these circumstances gives the truer mental picture, 
revealing that density change* are only slight. 

At times it is claimed as an advantage of the dot method that data can be 
counted over a given area anti reconverted into statistics* but the pmctico U 
open to objection because of difficulty and liability to error. It is preferable 
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to place by the map a grnall statistical table containing the essential material 
from which a map has been constructed, Such material might be shown in 
l ho form of & bar chart or pie-graph to supplement the map. Use might 
also be made of a dot key showing a range of representative densities to 
match against different parts of the map. A key of this type bo* been drawn 
for Fig. 74. 

3, DiaAI>VANTAGES A> p O DIFFICULTIES OF TELE DOT MjETBOB 

So fur important advantages of the dot method have been considered. but 
there are difficulties tmd disadvantages. It is soon discovered that without 
experience dots uniform an shape and size are not easy to make. When dot 
value is low there is a merging towards the solid in dense regions, and refine¬ 
ment of position is impossible. If dot value is high, some areas are as a conse¬ 
quence left blank* If on a map to show the distribution of pke the most suitable 
dot value for dense areas is one dot per hundred pigs, one doL can only occupy 
one j>oint on the map, and therefore it cannot he placed with precision towards 
the limit of pig-rearing where one hundred pigs are probably spread over a ve ry 
large area. Similarly, if on an atlas map of world population n suitable dot 
value is half a tnlllioti d where should Lhe cartographer place the three data 
which represent New Zealand's population ? 

Inset maps with adjusted scale and dot value are sometimes used to bring out 
detail, or alternatively dots of a different order are introduced, distinguished 
by shape, size, or colour, and having a different value not necessarily com¬ 
mensurate with change in appearance, This approach breaks down the whole 
convention and the fcyatem can no longer be described as absolute. A defect 
has been introduced to overcome a difficulty. 

Dot value and map scale therefore need harmonizing to produce good result#- 
On a small-scale commodity map. say. of less than one to a million, dot value 
may of necessity be high, whereas on a large-scale map of the same commodity 
value will be lower. As a guiding principle flat value should be kept ns low as 
possible, while the huso mftp> should be as large as can be handled convenient^, 
or as large ns statistics merit. 

Sometimes detailed distribution of dots is limited by the form of the 
published statistics, In Britain agricultural statistics are published only on 
a county basis, whereas population figures are published on a parish basis. 
The smaller the statistical unit in relation to the map as a whole, the more 
accurate will be the distribution of dots. 

Often it U exceedingly difficult to get a ba$e map winch marks the boundaries 
of amah statistical units, particularly of countries outside one's own. This 
creates a problem by no moans peculiar to the dot method. It should be made a 
national and international crime to publish any census without an outline map 
marking the /statistical units employed. The cost of such a map would bo 
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negligible, and people engaged on useful research would be saved countless 
hours of unnecessary labour. 

The system adopted in placing dots within the statistical units is of con¬ 
siderable importance, for dots may be spaced evenly or grouped to accord 
with some information about distribution within the units. It is rare for any 
commodity to be distributed evenly over a single statistical unit. Hops in 
Worcestershire grow mainly along the western side of the county. The popula¬ 
tion of New England and Australia is mainly near the coast and centred in a few 
large cities. There nmy be notliiug in the published statistics to indicate these 
facta, and therefore no statistical authority to warrant anything but an even 
distribution of dots over the whole area. 

Slaps which do reveal an even distribution of dots within statistical units 
are not necessarily misleading. The experienced map-reader knows and under* 
stands that a degree of misrepresentation is inherent in tho method, and makes 
allowance for the fact.. The degree of misrepresentation is by no means con¬ 
stant, however, as it involves the number of units into which the base map has 
been divided, tor example, while such a method using states as statistical 
units woutd give but a poor idea of the distribution of population in New 
England, it w ould bo by no means so ineffective if applied to the mapping of 
population for the whole United States. 

On some maps dots are distributed unevenly w ithin statistical units to accord 
os nearly as possible with actual distribution. Information of this may bo 
gained from tleld work, from intelligent correlation with other maps, or from a 
knowledge of factors limiting distribution. Thus detailed tojwgraphical maps 
reveal much about distribution of population, while crop distribution is closely 
related to soils, altitude, and climate. The dots on the Woodland Map could 
have been placed to agree more nearly with actual distribution of woodland 
if a larger base-map bad bean employed, and use made of information available 
in map and book form. This reasoned distribution method gives a greater 
degree of accuracy to the finished map, provided that the bases of differentiation 
are reasonablv accurate. But errors of judgement are not readily recognized, 
not easily checked, and largely compel acceptance. It would be well for a 
statement of method to accompany each dot map, particularly to indicate tho 
principles upon which any modification of distribution within statistical units 
bad been effected. 

Even when a map is produced with dots uniform in shape, size, and value, 
and accurately distributed, it docs not of necessity give a correct visual iniprea- 
ciou. A given number of dote in a central area loolts less dense when surrounded 
by areas with many dots than when surrounded by areas with few dots. In 
other words, dot density appeals to vary inversely with that of surrounding 
areas. Fig. 75 illustrates the (toint. 

It also seems true that if the number of (lots in a given area is increased. 


15« 


DOT MAPS 


the visual impression of density is not increased to the same extent, The higher 
densities tend to be under-estimated. Increasing the number of dote would 
salve this problem only if there were general agreement on the increase necessary 
to make density look right. 

Even the arrangement of dots in straight lines or otherwise affects visual 
impression, as may he seen in Fig T 7S T Satisfaction with the method may there¬ 
fore he motv mental than visual, though visual effect mattery most. There ia 
obviously room for research in testing the intemmity of sensation produced upon 
the eye by different dot densities and arrangements. 



Fig. mi, Dot densities find armngcmpnt, Identical numbers of dots wore inerted with 
Uno r>7^) pen in. thrz pfrparQUan of tliis tigum T in each &f thrws circle* of J inch di&mMcr 
centred on the largo t dots* Appearance of the three areas is Mummed by dot pattern 
and donsky of dots in smTOLindii:# arena, 

A final disadvantage of the dot map is the difficulty involved in copying it. 
Often the only accurate way iu by photography. By’ contrast* most other types 
of distribution maps can. he copied without undue difficulty or loss of accuracy. 

4. Dotting the Dot Ull 

Dotting a dot map may prove do probtem to a trained draughtsman, who 
probably regards the job as small beer. But because factors other than 
draughtsmanship arc involved, the lot usually fails to the geographer or econo¬ 
mist who may Jack technical knowledge and a high standard of cartographical 
skill It is axiomatic that unit quantities should he shown by dots of the same 
shape, slae, and colour value, since graphic representation is unsound if some 
dots are outstanding in appearance and unduly attract tJie eye. Therein lice 
the problem, to make hundreds and even thousands of dots uniform in shape p 
size, and density, 

Useful methods may tie summarized in connexion with the instruments chiefly 
employed, namely: {a) pens, (A) dies, (c) punches r and [d) compasses. Choice 
of method is lilccly to depend upon the si so and number of dots required, and 
upon patience and personal preference* 
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(ri) Pens. The immediate reaction to the problem Li to use pen and ink. But 
it ia soon apparent that riots made with the ordinary school nib vary in shape 
and size* Other nibs are available, such as the litho or cruwquftl, and these can 
bo touched tip on sand-paper or blunted to make lurjjcr dots* ihen there are 
reservoir nibs with round flattened tips 2 millimetres or more in diameter* 
These are verv useful, for twenty -live to fifty uniform dots mny bo made with 
each dip ofiuk at the rate of a dot a second, 

Undoubtedly the most successful dotting jjen is one constructed on the stylo 
principal, and sold under such trade names as Leroy and Ui)0. The reservoir 
in conical in sliajto and a dot is made each time tho pointed end of the cone 
touches the paper. Sets of pens are available producing dots which rang© 
upwards In diameter from £th* of a millimetre. An improvised version is made 
by drawing out glass tube pipette fashion. 

Different kinds of ink can be used, but in general varieties yielding black 
noil-reflect big dots are most suitable. Possibilities include bottled, Indian ink. 
china stick* and process black. Tho first-named is waterproof and needs no 
preparation, but tends to clog in action. The unproofed ink is available in 
bottles and is easier to handle. Process black possesses least gloss. 

Almost any type of paper from thin tracing to Bristol board gives good 
results. The greasiness of trucing-paiJor can be removed by sponging lightly 
with hull's gall. If It is desired to aline dote, this is achieved quite simply by 
placing graph-paper beneath Hub map before dotting commences. Thu co¬ 
ordinate Lit ins will even show through Bristol board if a powerful enough light 
is placed beneath the work in a tracing-box, 

(!>) Dm. Another method of dotting the map U with a stamp or die, but 
certain difficulties immediately present themselves. The thin inks used with 
nibs are unsuitable, as they do not give a dense impression and the edges 
of the dots are not well defined. Printers' ink is the most suitable, provided 
that an exceptionally rapid drying variety is obtained. Twu methods of 
applying the ink to the die are practicable. One is to spread A layer of ink 
on a felt pad in a small tin lid and over it draw tightly a piece of silk. A 
thin film of ink squeezes through this, and the inked felt acts m a reservoir 
which replenishes the surface each time the die is pressed on the silk. The 
other method, which is preferable, is to roll a small quantity of ink on glass 
with a squeegee or printers’ roller. After Ike ink is worked well up, tho die 
ia inked by touching it on the roller before each dot id made. Ihis closely 
imitates the principle of mechanical machine printing. Speed depends on 
many fedora, hut thirty-five perfect dot* per minute are ordinarily possible 
for dots 2 millimetres in diameter, with reduction to about ten dots i>er 
minute when diameter reaches 12 millimetres. Should the ink become t.« 
thick, it can ho thinned with a little pure turpentine, and is washed from roller 
and gloss with paraffin. 
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The actual die with which the impression is made 1$ not of great moment. 
Experiments show that bos-wood sticks about 3 inches long arc suitable. These 
are sold specially for stick printing. There immediately emerge# m advantage 
over the pen nib* Different shapes are available, sticks circular, square, or 
triangular in section being obtainable in a range of sizes. The sticks may l*e 
tipped with linoleum if it is desired to have the ends very smooth and so 
minimize the possibility of uneven density. These Linoleum tips can be cut 
with a leather punch, a common pattern of which lias six separate punched 
fixed in a rotating wheel, Three sticks, each with different oized tips at both 
ends, comprise a useful set* Shapes other than circles may be cut with a pen¬ 
knife. 

Probably the best dies are those selected from printers' type. This is sold 
by weight, and less than a pound will include a whole range of dots, squares, 
triangles, and stars. The type is not quite os convenient to handle as a dotting- 
stick, as it is only about 3| centimetres high* But one side of each die is grooved, 
Olid this enables it to he bound securely to a stick which acts as a handle. 
Cartridge paper proves the easiest upon which to work, as it has a matte surface 
which takes ink very well and promotes rapid drying. 

(g) Puiidwj. Another simple but effective method of dot making is to punch 
holes out of paper* Provided the holes are not crowded, the results are excellent* 
The chief difficulty may be to obtain a suitable punch. An ordinary piper 
clipper punch will not work far in from the edge of the paper, hut the individual 
punches of the common leather punch already described may be extracted and 
u$ed. A clean-cut hole is obtained by placing the map on a piece of stout 
leather and tapping the punch with a mallet. More than thirty holes per minute 
can be modo r sise having tittle influence upon speed* The map is completed by 
mounting on black paper. This, however, is not necessary when the map is for 
reproduction* as a black sheet placed in the copying frame has the same effect* 
The boat results are obtained when the work is executed on a thin white hard 
paper. 

There is obviously a complementary method, namely, to punch dots from 
black paper and stick them on a white background. This adhesive dot method 
makes a strong appeal. True, it h not to be com]jared with certain other 
method* for speed* but there is a perfection of appearance difficult to obtain 
by any other equally simple means. Dots are placed in position w ith the utmost 
cose and accuracy > they can be removed at wilf and there m no fear of smudging 
or of unperfeet riota. There is practically no initial trouble as with the printing 
method and, perhaps equally important, there is no clearing up afterwards. 
Experience has led to the following procedure. A strip of adhesive paper, such 
as ia used in the wrapping of parcels, is glued along its edges to a piece of thin 
cardboard- The paper b then painted with Indian ink and allowed to dry. 
Hobs are then punched through paper and cardboard together, the punched-out 
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portion or dot emerging sit the top of the punch. The cardboard presents a 
number of black dots sticking together as a result of pressure. The dote are 
picked up individually on the point of a darning-needle, touched on water or 
diluted mucilage, and pressed on to the map with a blunt needle held ready in 
the other hand. The dots naturally adhere to any kind of paper. Tho actual 
cutting of the dots is a quick process, but it takes about a minute to £bt ten dots 
in position. 

The same method has been applied in the preparation of distribution maps 
which involve the use of spheres of various sizes, either to replace or tip accom¬ 
pany dote as in Fig, 84. It is very difficult to draw a large munlier of spheres, 
but once a range of sizes has been completed, any number of copies cun be 
printed, and from the printed sheets the particular sizes required are cut out 
and stuck m position on the base map, almost as simply as sticking stamps on 
letters. 

Short pins with spherical glass heads form an interesting type of adhesive 
dot specially suitable for use in offices. Maps are mounted on a base of cork- 
mat, linoleum, or three thicknesses of corrugated strawbmrd* and pins to show 
tho location of agencies fcalearaen, customers, and so on are stuck in preferably 
till the pin-heads touch the surface of the map. If the pin-heath are red, orange, 
or black* the map may he reproduced by photographic methods, though the 
negati ve may require touching up to take out high lights 

(d) Cam]xi&&£4- A final method of dot making which may l*e described is wiih 
compasses. Rotating, pump-bow, or spotting compasses have a central fixed 
point shaft, and the Ink-pen is made to rotate round this by turning a milled 
nut. With the commoner gpting-bow compasses an experienced draughtsman 
can produce dote of less than one-tenth of an inch in diameter and fill them with 
Indian ink rather faster than adhesive dote can be placed m position, but 
inexpert bantiling of compasses resmlte in considerable variation in the shape 
and size of a mail dots. Large circles are comparatively easy to draw and fill in. 
One limitation in tho use of ^nipasses, as of the punch-hole and generally of 
the adhesive dot, k that the dot shape k limited, a factor which does not apply 
to die printing* 

Most of the above methods of dot making are applicable when dote of different 
colours arc wanted on the same map. If the map k to bo reproduced in colour, 
however, separate dot maps are required for each colour, though black only 
should l>e used on each original. The printer k then able to obtain dear photo¬ 
graphic pj&tca of each and overprint them in any desired colours Ihi^e-map 
detail is shown on one of the maps only, other dote being placed on superimposed 
trading-paper, or, better, on blue prints pulled from the original map, Tho blue 
outline does not show on the photographic plates. All the media of black already 
mentioned can be obliterated from any paper for photographic purposes by 
process white, rendering correction possibly 
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r>. Uses of Dot Maps 

Dot limps have become very popular because of the ease of construction, the 
confidence that b felt in the method, and. t he fact that the result is often visually 
impressive and informative. They are frequently useful in suggesting a line 
of inquiry p for problems tend to become apparent after statistics have tieen 
mapped which were not apparent before. The dot map lends Itself admirably 
for examination in conjunction with other distribution maps, particularly those 
in the Uoline group, Thus a dot distribution map of some crop may have super¬ 
imposed upon it in turn Isoline nmjwj showing relief, rainfall, temperature, and 
Front-free periods, and correlative deduction is at once jKissihle, Or again, the 
distribution of deaths from a particular disease may 1m? mapped by the dot 
method, and the result compared with, maps of sus|iertcd causes such us eleva¬ 
tion, humidity, or drainage. It does not follow that conclusions axe free from 
error, but the method Jim much initial value und may point the way to dis¬ 
coveries of profound practical importance. 

It m frequently possible to insert much useful information on dot maps, 
apart from the dots. Thus market and refrigerator centres may appear on 
cattle maps, and grain elevators on wheat maps. Care and skill are necessary 
to ensure that such in thrum lion dots not interfere with, or spoil the effect of, dot 
distribution. Very' successful examples are to be seen with base-map informa¬ 
tion in grey, and dots in black or prominent colour. 

Three atlases call for spa dal mention because of the large collection of dot 
maps which they offer for impectfon. They am Geography of the World's Agri¬ 
culture, by Finch and Baker, 11*17; An Agricultural Atlas of England and Walts, 
published by the Ordnance Survey in 19S ±; and Chambers of Commerce Atlas, 
published by G. Philip & Sun, London, 1925.. Both agricultural atlases make 
use ol black dots throughout, ami all dots on any single map are uniform in 
shape, 5174?. and value. The mafis in the Atlas of England and Wah$ were drawn 
on a pariah basis and afterwards reduced to a scale of I:M millions. They are 
printed on tracing-paper, and folder maps of relief, rainfall, geology, and 
markets allow correlations to be made. The Chambers of Commerce Allot 
employs the dot method to show distributions of commercial interest througluput 
the world. On some umpe dots are printed in several colours and variations in 
sh&jie and size are introduced to vary dot value, while there is much base-map 
information. All three publications deserve critical and comparative study* 

G_ Location Dot Maps 

Some maps make use of dots to show location onJy 3 but these are in a rather 
different category, riuee location is not quantitatively measurable. Such maps 
might show location of atate forests regardless of siren, as in Fig. 7fci, water- 
power sites without indication of hurse-power, districts in which foot and! mouth 
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dintase have occurred. Insurance offices r sites of prehistoric rcimiiiM, and so on. 
Like the dot amps already described, they may be used in eon Junction with 
other imips in the elucidation of problems, mid sometimes j n varies to show 
development, discovery, or movement* 



Locution of Htutc forestry units, «»®sniljsss of 
ucraigp, Adbeaivu data were iwed in proper- 
the mfipA, which wm then much 

reduce] in scnh-% 

The number of dots on a location map is usually fewer than on a dot map 
which shows quantitative distribution, and consequently the pin method of 
preparation is often convenient. Pins are obtainable with flat heads having 
numhers. or letter* in white on a black background. Maps so prepared take 
little time, trouble, or expense, they look effective and photograph well for 
reproduction. 
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DENSITY AUPS 

Ax important aspect of distribution h often quantity in relation to area, summed 
up in tbe word density. Dot maps themselves show density when the dots 
are of uniform value and are placed on a space background or base map having 
eqiiai-nren properties. But since Lhe dote it re used as quantitative symbols* 
a density map is not produced if the base map does not possess equal-area 
properties. 

To show density, the quantitative symbol is replaced by an areal symbol, 
seen in the familiar grades of ehailing or coloure employed to distinguish 
different density grades. The unil ureas so distinguished are normally admini¬ 
strative units such as the township, c ounty, or state. 

Maps of tins type can lie drawn to show almost anything for which a }m- 
oentage, ratio, or average figure is obtainable for component units. To quote a 
few illustrations, it h possible to map yields per acre* average capita bonk 
balance, per capita coji&mnption of commodities by weight, volume, or value, 
percentage variation, ratios such as acreage of wheat to acreage of tillable land, 
or value of one crop compared with the value of tdl other crops. 

There is no accepted generic name far all these maps. The word choropldh 
has been suggested, expressing quantity-in-area ( in contrast to the name 
isopkth w hich is ex plained in the next chapter. The term Iktlio or Density Map 
ia simpler, however, though a wide interpretation of the word density is neces¬ 
sary to include the variety of maps already suggested. 

L Drawing a Dzsarrv Map 

Suppose tbui it i* desirable to map the density of population in Italy. There 
are sixteen deportments with population m 1931 m shown in th# Table 
opposite. 

An outline map of Italy mmt find- be procured. and the departments marked. 
An examination of column 3 suggests that a key for shading could lie employed 
to differentiate densities cm the basis of hundreds per square mile. Six grades 
are then necessary. This ntimber lends itself quite well to density mapping, 
fur too few grades yield o map of very little value, while too nmny confuse. 

A suitable six-grade scheme of shading must be worked out, and ouch 
department appropriately shaded. The result is a density map* as seen in 
Fig. 77* An eight-grade key has been drawn to render it applicable to the 
inset map. It may be noted that procedure differs from that employed m dot 
mapping iu that statistical unit boundaries are not erased* 
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2. CHOOSING A Sc A LB OF JjBKSCEU8 

The present example offers little diffimtyp in tihflMtng a scale of densities. 
The six density grades follow quite simply in arithmetical pregrossion. But 
one weakness is apparent. Six nut of six teen department a tail into a feinglo 
grade. though their densities range from 309 to 377 per square mile. 


t. ttopaTirncnt 

2. Populating t 

3, Population jvlf 
# qu iUY- Rlifo 

Pioiim-jn t 



3,408 

309 

Liguria 



1.437 

080 

Lombardy 

VeUE.'lO . » - 



8.642 

4.1S3 

003 

420 

Venezia TridcutLui 



080 

123 

Vrmrj.il Cl Lilia * 



059 

28U 

Emilia 



3.218 

377 

Tuscany , - * 



2,892 

327 

Mclrdi^ . i 



1.218 

326 

Umbria 



094 

212 

LabiuiD d 



2.332 

260 

Abruiri e Malice 



1,499 

£52 

Campania * 



3.495 

670 

Apulia * d 



2,487 

334 

Lne-nnia 



608 

132 

Cola briii » 



1,009 

2$7 


When densities vary widely from place to place, a density key having changes 
in geometrical progressing may l*c preferable T This allows more differentiation 
over extensive areas of low density' than is possible when an arithmetical 
progression is employed, and at the same time makes practicable some differen¬ 
tiation in conEjested areas where densities increase rapidly in a limited space. 

Many population maps show a. simple geometrical progression in densities 
as follows: 1-64. A4-1*S P I28~&jjft, and 25^512 persona per flqnare mile. It 
seems that, these numbers are employed partly for the reason already given, 
namely, that such a sequence jiolfb better results than an an th medical pro- 1 
gression, and also because these particular grades of density are readily deter- 
mined when areas are quoted in acres, the normal practice when dealing with 
small administrative units such as parishes. The following example should make 
the point clear. Suppose that it is necessary to know into which grade of the above 
key a parish fall* whose area is l,7GS acres and whose population h 302 persons. 


It follows that: 

{a) Area of pariah La acres * 

(t) Fcpuktica of parinh 

(cj Popiilolion per shears mi)n * 

(d) No. of oiity Tourg per square rail* - 


Lim 

302 

302 

l,708 XW ° 
302 tHU 
i,TOS X tii 

















involved for every parish, though finally many will Ije grouped together in a 
single grade. By contrast, line (rf) van be solved at sight to the nearest whole 
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Line (s) Involves a certain effort in arithmetic, and a similar calculation is 


Fip 4 7T b Density of Population cn Judy shown by shading. 'the msot map of northern 
Italy tibowa detail brought out by using smaller statistical nmts T 

number, and so the position of the pariah in the density ace le, which is comprised 
of multiples of 04, b ascertained by inspection. 

Some map show irregular step in the key for no apparent purpose. On tbo 
other hand, careful study may reveal uu advantage in irregularity of change, as 
to separate a number of regions which would otherwise he grouped together 
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Changes in the key may therefore 
be made in arithmetical or geometrical 
progression, or may be made at irregu¬ 
lar intervals to improve territorial dis¬ 
tribution of shadings or to reveal points 
of significance in an investigation. 
The changes to be aimed at are those 
winch have significance on the ground 
itself. 

It is obviously sound practice to mate 
density of shading increase as density 
of population or commodity increases. 
When this is done the resultant map is 
graphic, and there is Uttle need to refer 
to the key. The perfect map would 
probably need no key. Yet not uncom ¬ 
monly scales of shading are sera where 
different densities are shown merely by 
changes in the direction of shading, line 
spacing remaining unaltered, Hybrid 
systems, such as lines associated with 
rows of crosses and circles h are especially 


Fin, 76. A series of experunvataj shad- 
inga designed to pns by uniform *U^jw 
from white to blaok. Id die right-hand 
Bfiriefl the ratio of block to whito in each 
uqtifife formii a amaiplc arjthmnffra] p*o- 
gra^don 0:5. 115 P 2:5* 3:5, 4:5. 5:5. 
The two other ure attempts to got 
smjfonn sensory chunges between white 
and block. 


to he deprecated. 

The aunte of shading need sob start at blank and finish with Kolid black. 
There arc objections to such a scheme, hi the first place the area left blank 
doca not look merely of low density, but appears altogether void, w hich may 


and which for t he purpose of the inve^tigatian are l>est differentiated. To 
ah^tznto again from population maps, choice of densities may enable distinc¬ 
tion to Iw made between business and 
residential areas, and, also on the same 
map, between urban and rural areas. 

Dm scheme of densities pressed as 
applicable to population maps of any 
part of the world differentiated numbers 
of persons j>cr Btj'tmrc mile as follows: 


0-6 huni LHjf nnd Qsliing 
K-30 grazing 

20 H5 imt JignoulLure 
65-130 uxU"jtiHVir farming 

l 104 Liteiudv» f u rming 
Finn inamdii^mvs 

250-3se mix-^l farms mul manufactures 
360-5] 6 manufacture* predominating 
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not be true. Secondly* it is impossible to overprint anything on areas of soli*! 
block. Finally, even the moat carefully graded scales passing from white to 
black„ aa seen in Fig. 7& a may give a wrong impression of actual density changes. 



3. Proportion?al ob Reutiys Density Shading 
One way to meet density scale objections is to maintain a ratio between the 
densities it is desired to represent anti the density of shading within the 
statistical units. This may be termed Proportional or Rtinlirt Dawity Shading. 
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it b Burprmnglj little employed. For the sate of comparison with the previous 
method* this method has been employed to re-map the density of population 
in Italy, and the n*mifc ia seen in Fig. m Parallel Hues are drawn at so many 
to the inch, in thb example one per inch for every fifty people [K?r square mile- 
This is done by drawing a north-south line in pencil through each department, 
and marking along it the required number of divisions. Through each mark 
an east-west line is drawn in ink, and the peudi work is nibbed nut. 

Limitations of the method are met when there is great wtotion in density, 
as application becomes impossible. It i& well to experiment with dense and 
sparse arms first. An administrative area b sometimes so small that there is 
mom for one cross lino only; and its 
density cannot therefore bo established 
bv comparison with a key. There b 
difficulty in drawing a key at all, for only 
a representative series of densities can bo 
shown, comparable to that on the Wood¬ 
lands Map, Fig. T4, and the eyo must 
decide the approximate position in the 
series of any particular area whoso density 
b requiretL 

In some respects the proportional 
shading method approwhoa the absolute. 

Maps so drawn are often not as striking as 
when an ordinary series of shading grades 
is used, but the impression accords mom 
nearly with the facta of density distribu¬ 
tion. The commoner method seems of par¬ 
ticular value to impart elementary concepts, and the projiorttonal methyl for 
more advanced work involving finer appreciation, 

It may lie awkward at first to divide the vertical line into unusual frac^ 
tiaiM of an inch bl order to get correct spacing, but a little erctmaion into the 
realm of pmcLieal geometry offers a solution, illustrated in Fig. 80. Instead of 
working in terms of lines ]>er inch, a unit length 4 inches was chosen* as this 
offered the possibility of subdivifimu into any number of equal parts from 2 
to 102j by drsTOg a single arc on iniilunetre graph-paper* The method em¬ 
ployed is as follows with reference to Fig, SO, on which representation of 

millimetre squares haa had to be omitted* 

With centre Ch and radius 4 inches, an are BODE b drawn on millimetre 
graph paper. Vertical parallel liiue cutting OS are numbered, beginning at 
O* All lines, OE, OD, 0C\ OB are of equal length because nil arc radii. C 
marks the point whore the are is cut by the hundredth verticul ihie* i^ut HintfO 
all these vertical lines are parallel and equidistant, OC is cut by them into 



Ft®, 8l>. Dividing a Iim> inSo any 
miuibcsr of t*qiiaJl ports- 
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lOf> equal parte. Similarly OD is ciU in.t j > nft equal parte. If it in required to 
divide the unit length into 28 parts, the twenty-eighth vertical line is follows I 
till it cuts the arc, as at E. OE is i hen joined and is cut into the required mini* 
her of equal parte by tto vertical. Appropriate divisions are conveniently taken 
off along a straight edge of paper or with dividers. 

An alternative method is to work out each ease by simple arithmetic* in 
terms of millimetres, the smallest convenient unit of measurement. Thus taking 
im inch as equivalent to 25-5 millimetres, 17 cross lines to the inch would 
be spaced at 25 + 5 millimetres-^ 17, which is ij millimetres apart. Spacing- 
marks arc conveniently made with dividers, 

Map correction is usually j>os&ible by scratching oat, painting over, or patch¬ 
ing. Tbo latter is effected moat neatly it a nev piece of paper is placed under 
the map and cutting is performed through map and pa^r with a mzor blade 
held vertically. The one operation then cuts away the unwanted ]K)rtion and 
provides a patch identical in shape, A piece of adhesive paper at the back of 
the map enables the patch to be inserted with a flush finish. 

Instead of clutnging the number of lines to the inch* different, density grades 
can be shown by changing the thickness of the lines. For example, * six-grade 
key results if the lowest grade is left blank, the second Inns 20 parallel cross 
lines to the inch each [foth of an inch thick, the third 2Q cross lines per inch 
each j-jtli of an inch thick, and so on till the sixth grade has 20 lines eaich ^th 
of an inch thick, resulting in solid black, This is after the stylo of the right- 
hand column in Fig + 7b, 

The above key increases in simple arithmetical progression from white to 
black, the black occupying in successive grades, 0 P l r 2, 3, 4, and finally 5 
fifths of the space. It should be possible to introduce a refinement offering 
an alternative form of proportional shading. This would simply require that 
the number of cross lines per inch remain constant, and that their thickness 
be made to vary directly with the iLemitie^ to lie mapped The draughtsman'* 
P«i i* useful to produce lines of various thicknesses* adjustment being made 
by means of the milled nut w hich controls the setting of the blades. Experi¬ 
ment is necessary to find the position of the milled nut to produce a line of any 
required thickness, and to determine for each map the most suitable number 
of cross lines f^r inch. 

An approximate method to determine the thickness of any I mo is illustrated 
in Fig. SI, where (6) is a magnification of (ah It is apparent from {&) that when 
two lines /Iif, CD cross, a lozenge shape is formed, here lettered AYv J/JV* 
Suppose that through E a Hoe A r Y h erected perpendicular to CD, and through 
R a second perpendicular is erected Lo meet AE at A. Then iram similar 
triangles ARM W X Fif, Altz SM — A 4 " Y: YM r Even on the tmmagnified figure 
lengths corresponding to .41?, EM and KM can bo measured. Now if A r lf ia 
regarded as approximately the same length as YM r then the length XY can 


DENSITY MAI'S 

be calcnluted by substitution in the sbove equation, nnd A r Y is approximately 
twice ns long na the thickness of the lines A IS at CD. 

One difficulty in practice is that when drawing*pen blades are far apart the 
flow of ink become* very rapid- In the-*? circumrt Alicea the pen must lie used 
dry to make parallel marks on the jMijier which an) afterwards tilled with 
ink by means of an ordinary nib. 


W 



i. Pse OF CoiXJCTO 

A great deal of use is made of colour in modem cartography and some very 
beautiful maps result. When density is shown by means of colour, optical 
effects have to I* considered, quite apart from the fact that many people are 
colour blind, and still more are uncertain on colour. Red stands out more than 
yellow and should be employed for regions of greater and not of lessor density. 
Any colour series should lie so chosen that density order automatically suggests 
itsolf. There h only a limited number of such series, the commonest passing 
front white to purple through various shades of yellow, brown, and red. This 
convention is usually employed on population maps. 

Colours are suomctlmes used in spectrum order, but this docs not necessarily 
give an optically graded scries. The yellows usually apjiear unduly bright. 
An alternative is Lhe use of monochrome, where depth of tone suggests density, 
A well-executed map has much to recommend it,an(i many pitfalls are avoided, 
though the method is seldom employed. On hand-painted maps, and in par¬ 
ticular on those verging towards monochrome, it Is well to insert numbers to 
check against similar numbers on the colour key. This system was adopted 
on old hand-coloured geological maps, and has been retained on modern geo¬ 
logical maps although perfected colour printing haa rendered numbers less 
necessary. 

The use of colour to show density lias one big advantage over shading, in 
that much base-map information can bo inserted without upsetting visual 
effect. Ah that is normally printed in black, stick as railways, rivers, and 
names, can remain. These are often a great aid in the use and interpretation of 
density distribution When statistical units are large enough, it is even possible 
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to overprint the density of each in figures, giving more detail than U obfoinablo 
from the key alone. 

u* Other Aspects of Density Mapping 
Much of the success in density mapping depends upon balancing such 
variables as the system of eli&dmg, the number of densities distinguished, the 
numerical values assigned to each grade, and draughtsufamhip. 

Tiie possibility uf v ide application of the method ranks as one of its advan¬ 
tages. though rather ridiculous results can follow. If, for instance, the per¬ 
centage* of cultivated land devoted to one particular crop were mapped for a 
desert region, a single acre of that crop, occupying the only cultivated acre 
within the admtmstafctive unit, would cause the whole to be shown m 100 
per cent,, and administrative unit* in arid lunds arc often extensive. The 
mapping of the Tticumau sugar crop and the cotton and sugar crops of the 
Peru Coast Desert might yield instructive misapplicrttotts of the method* 

A disadvantage of the density map, t hough by no means peculiar to it, is 
the confusion of thought to which it can give rise. Density is an abstract idea 
and is unrelated to actual distribution or arrangement. There is always the 
possibility that uniform shading, though showing the average density concept 
correctly* will be taken to Imply uniformity of djjrtribtttion over the whole 
statistical area. Misconception of this kind is greatest when distribution 
varies widely within the unit, as is likely when units are very extensive* On the 
map of Italy, as seen In Figs, 77 and 70, about 100,000 square miles have been 
treated in sixteen departments. Each department is therefore very large, is of 
varied topography* a ml distribution of population within each h by no means 
uniform. One means of getting a truer picture of density distribution is to sub¬ 
divide departments into provinces. This has been done For north Italy, and 
the jeaulu are shown on the inset maps of Figs. 77 and 7U + It seems obvious 
that t hese inset maps are more successful because statistical units am smaller in 
relation to the size of the uiup h und are fairly uniform In size. 

It is mare than probable that density changes rarely coincide with admini¬ 
strative boundaries, though it is inherent in the method that they appear to 
do so. Many parishes in England are Jong in proportion to width, and include 
j l shore of water-meadow, amble land, and hill grazing. If no adjustment is 
made and average density of any single commodity Is mapped on a parish 
basis, it will almost inevitably give a fal.se impression of density distribution, 
Tho commodity will appear fairly sparsely spread all over the pariofaw, Lhough 
it probably ought to appear densely distributed in a single belt across them- 
A more accurate map b sometimes made by redrawing 1 boundaries on a 
density basis to accord with axponanca or information, observing recognised 
principles such as those rlescrilsed in connexion with dot maps. Tto method 
baa been termed controlled guess-work* but at ite beat and as described below 
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in connexion with the Ordnance Survey 1: 1 Million Population Map. it is more 
than that, Can must be taken that the several densities assigned to different 
parts of an administrative unit are consistent with the known average density 
of .the whole. For example, if in terms of unit atinnres Hie average density of 
the whole is 100, and the estimated density of \ ia 10. the average density of 
the remaining J is 145, as shown in the following equation, where x stands 
for the unknown density: 

fcxio)+(fx*) = wo 



10+2x^=300 


* = U5 

0. Ordnance Survey Population Mats 
The colour !>oundaries on the 1:1 Million Population Map of Britain, pro* 
(faced by the Ordnance Survey, are redrawn density boundaries and not 
administrative boundaries, although in some places, ca|>ecintly m agricultural 
districts having scattered farms and humlets without aggregations of popula¬ 
tion the two coincide. The change from parish to density boundaries was 
made bv examination of reaps which showed that in most cases almost the 
whole of the population of a parish could be localized within a restricted area 
to become a separate density area. The remaining scattered dwellings in the 
parish were counted and the population calculated on the known general 
average (xsr dwelling-house. The acreage of the separate areas was computed 
and the respective densities calculated. In the case of urban areas, the smaller 
ward unit was dealt with in the same way, The separate densities were then 
classified in accordance with the adopted scale of numbering, and like classes 
grouped within the now density boundaries. 

Twelve density grades are distinguished by colour tints ranging irom white 
to black through browns and olive-green, in the key each has a descriptive 
title such as Sparse, Normal Rural, Urban, and so on. 

A Population Map of Greater London was published by the Ordnance 
Survey in l!>3o r on a scale of 4 inch to the milo. The same principle was applied 
in compiling the density aretw for thin map as for the 1.1 million map. 

The colour scheme on the J-inch map is graded from white to dark brown 
in twelve tints, and approaches monochrome in treatment. Ihe only other 
colour used, apart from blue for water-features anti black for writing, ia 
green for open public spaces. As tlitae are treated us void of houses, t icre is 
no colour overlap. The total effect is pleasing and brings out the compact 
nature of the dense area of metropolitan population, extending from 10 to 1- 
miles in all directions from London Bridge. Points of maximum density are 
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ini Heated by a dot in a eirHe, and those of minimum density by an open circle. 
The ajiproximate population at each point is given in persona per acre. 

On a separate sheet, five sections are drawn on a jdnch scale to show relief 
with population density superimposed. Fig. S2 has been baaed on one of these 
sections {which urc at a much larger scale on the G-3- map}. 



Fie. G2- PfofiJr* acroES pnrt of the Papulation Map of Circa tor T-oiidon. 


On both maps grading has aimed at bringing out salient population densities. 
C'oiisequQJilly there is no straightforward numerical progression in the key, 
and as the range of densities to }» covered on the two mapaddfera, the change 
point* are set at different intervals. This may be seen from the following 
statements: 

Change-point* in density grades in persons per square mile on {«) the 1:1 
million map* and (h) the l-inch map: 

(u) l, 2G, 5fl p too. ±00. 40&, U100, £5*000, fli.Gno, TS.OOft 

(&} 0, 102. V\Vh 4 *800* 11.200* 10.200, 35.200. 54.400, 70,400, S0.500 f 115,200* 

The first key slmwa a geometrical progression with a multiplying factor of 
2 for rural areas, and 4 for urban areas, though it finally falls bnck to about 
11 for the densest grade. The second key, to cover the greater density range, 
starts with ft multi pklng factor of almost 10 p falling back fairly constantly 
to about in the highest grade. It is obvious that a superficial examination 
of this type cannot reveal all that the cartographer had in mind when deter¬ 
mining the grading. 

It has been claimed that the chief hindrance to a completely accurate dis¬ 
tribution map is the lack of detailed knowledge of distribution, but there is no 
doubt that with increasing subdivision, which forms a part of imy attempt at 
more accurate mapping, the cartographical difficulties themselves increase, 
and with reduction of map scale they tie Co me a major problem. 

7. TKftftrroRiAL D is mi button ^Iaps 

T' Is appropriate to noto at this point what may be termed Territorial 
Distribution ^laps, though they have no connexion with density maps except 
that both employ shading and colour to show distribution. The beatteiown 
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form is the coloured political map so universal in atJasc* before layer colouring 
became dominant. 

Host territorial'Jktributiond. apart from t hose of i^olitical control, have no 
regard for administrative boundaries. Rocks, soils* vegetation, land utilization, 
and catchment areas, to quote exam plea, liavc boundaries of their own which 
are independent of others* Consequently it ia usually necessary to ascertain 
them in die held. Farther, though an attractive appearance is sought, it ia 
otherwise immaterial what colours or shading-patterns are used since they are 
only to be compared in extent. There ore. however ( a number of recogiiizod 
colour, shading* and symbol conventiuns which it is well to observe. 


CHAPTER TWEXTY-FOJJR 

ISOLINE MAPS 

A nr ffeeent method of mapping is necessary to show distribution of such 
phenomena as temperature. pre^sii^e. and rainfall. Statistic are obtained for 
particular stations, ami not for areas as a whole. In a sense the data are samples 
from which it m possible to draw si workabJy accurate map. The technique 
employed is my familiar. Statistics are entered on a map and points having 
identical readings are joined by continuous flowing lines, like those in Fig, 83 . 
Frequently there are few identical readings, hut it follows that, at least for 
many phenomena, interpolation of numbers is j>osBibJe on a rational basis. 
Thus when a lino joining places having an average temperature of GO* F. is 
required, it must he drawn to pass between those stations recording an average 
below' and those recording above 00*. It can be assumed that the GO"" 
line will pass midway between stations recording 55° and Go* p but nearer to a 
station recording 58 * than to one recording Gu^ 

For precise work the problem of interpolation lh of some importance and 
forms a separate study. At this stage, however, and until practice renders the 
course uiijLecessary, any pair of adjacent stations may be joined by » straight 
]Lue to be l rented as a scale-line along whirh changes are regarded as occurring 
at equally spaced intervals from one station reading to the next. 

1 . Application of tsoaxm 11 unions 
The isotherm is only one of a series of lines having a variety of specific names 
t o Indicate parti ruJar functions. There are iso bare, taoneplis, isobaths, isohaLines, 
bchyets, and many others. The word isos aim|>ly means equal and may be 
combined with any otiier word to indicate function. There ia no generic name 
for all these lines. The word i#opbth has beau suggested, pUth meaning degree 
of fullness, but at times this name has been applied aj>eeifical]y to lines showing 
population densities. In 11113' c ' i1 S0f the conception of fullness is more applicable 
to densities mapped b} F this method than to climate and weather phenomena, 
though tlie^e are mapped by hardly any other incans. The simplest inclusive 
name seems to be iwtin#, a term needing no explanation. 

The variety of tsoline names is itself an indication of the wide application of 
the method. It is used, for example* to mop oil sorts of climate and weather 
data, salinity of the sea, land relief, densities, and ratios. Two rather different 
ideas are involved in these numerous applications, one where representative 
samples ore taken a as of weather phenomena, aud another which involves 
reduction of areal symbols or density grades to pointy hut the procedure aud 
results have so much in common as to render separate consideration unnecessary. 
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Am a meatus of showing relief p isolines have been almost universally adopted 
under the familiar name of contours. The method of drawing them is perhaps 
unique in the production of iso Line maps, as it is done in the lie Id. The point- 
is fully covered Ln Chapter X on Representation of Relief, and it is sufficient 
here to reiterate that eontours are not drawn in an office by the simple method 
of interpolation l*etween a number of spot heights, as are iftopleths between 
density statisLiitf, 

It is possible to map degree of hiUinesa by means of Lsobnes, and this as (sect 
of topography is often aa important m altitude. Contoured topographical 
sheets arc divided into I- or 2-inch squares, and the difference in altitude 
between the lug heat and lowest points in each h noted ami written in the 
centre. These number*) are then plotted on a sheet of blank paper and bohnes 
drawn at suitable numerical intervals. 

Jinny commodity distributions are now shown by bolines, though both dot 
snd density methods arc available alternatives. The average density for each 
statistical unit is calculated and written at its geographical centre. When the 
whole region has been coveredlines arc drawn at suitable interval values just 
like isotherms. These tines may well be called iaopleths. Atlas population maps 
are often drawn in the same manner. Density of population statistics for 
administrative units arc plotted on large-scale maps, and similar values joined 
by continuous Hewing lines. The scale is then reduced and grading adjusted 
to suit the purpose. fhe method is therefore essentially different from that 
employed by the Ordnance Survey as described in the previous chapter in con¬ 
nexion with the 1:1 Million Population Map of HritatEi r though both methods 
result in the substitution of the original administrative boundaries by now 
density boundaries. 

Ratios* as of crop area to total area, stock to crop*, nr yield |>er acre to annual 
or seasonal rainfall p are also mapped successfully by isoUnes, It is necessary 
that there should be an adequate number of statistical units, preferably about 
equal in area* 

The iso line map is specially suitable to use in conjunction with other maps. 
Isotherms, isobyets. and frost-free period lines way be superimposed upon dot 
maps of crops, and limiting factors observed or demonstrated. There is much 
to be said for a judicious combination of dot and isoline methods to show 
distribution of a single commodity, for there is practically no confusion and the 
advantages of hoik methods are to bund. 

Isolines tiiav also be msed to bring out small differences in distribution which 
nre not readily observable when other means are employed. But whether 
differences are slight or substantial, a map should not be crowded with more 
iodines, than are necessary to reveal distribution. Some atlas isotherm maps 
probably show this tendency. 

The original of an iodine map may be worked out on a large-scale outline. 
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and the Isohnes quickly and accurately copied on to a further map of any 
convenient scale. LF the bolines arise from a study of adniiniatmtivc unite, 
there is no need to trace boundaries. The nece.saary statistics are plotted on a 
sheet of tracing-paper overlying a bass map on which the boundaries are 
marked. Base-map information may, however, be shown on the iaoliue map 
with*ait confusion, the supreme example of this l)ding the contoured topo¬ 
graphical map. 

Section drawing across contoured maps has already been described, but it 
should be noted that all bn line maps lend themselves to similar treatment. 
When relevant sections are compared, as of relief ra infall , and crop density d 
significant correlations are sometimes revealed. 

Reference has already been made to sections drawn across the Population 
Map of Greater London, and an example given in Fig, 82. It might be observed 
that while the rebel Is taken from an isoline map, the population profile is 
from a density map: also that the datum lino to which ail density values are 
referred is the protile of the topography. The eeetiona m published bring out 
in a striking manner the sudden fall hi population as the higher drier chalklands 
are readied. 
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Practically the same could be said about the choice of Isoline valuer as about 
the choice of grades on deadly maps. On the a'hole a uniform interval gives 
the most easily interpreted picture. But this is not always practicable. On the 
International .Million Map contour interval varies with increasing altitude from 
100 to 1.000 metres, intermediate intervals being 200, *1*0, and 500 metres. 
The natural curve of erosion and the increased imjKjrtance of relatively 
small variations of altitude at lower levels make this system desirable. 
Similarly bnpleths may be drawn with a small interval value where changes 
of density are slight, but the interval may increase in dense areas, Intervals 
which bring out points of significance about a distribution are moat worthy 
of consideration. 

At whatever interval iBoluies are drawn on maps, some system of numbering 
or indication of viiliie is essential. The dm pleat way of all is to put appropriate 
numbere on iso lines and a statement beneath the map explaining what the 
numbers show, ilinor considerations are whether a definite convention should 
he followed , such as breaking the iso lines to insert numbers, attempting to 
number all isolines ao that figures read horizontally, or so that the tops of all 
figures lie towards an iso line of greater value, which may involve some numbers 
appearing upside down. Useful ideas are gained by a study of contour num- 
iK-ring on topographical maps, and the same ideas may bo applied to other 
isoline maps. It may be considered worth while to fuumba? every' Laoline in the 
margin where it runs off the map or, when isolines are Few, to use distinctive 
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for each value, ft* in Fig, S5. Spot densities or restdiiujs like spot heights 
may 1 m? need to advantage. 

There b ako the possibility of shading between bolines which has the effect, 
among other things of taking nutation from Uie bofines and focuang it upon 
the spues, especially in regard to their *hape> Increase of density should lie 
riiowii by increase in density of shading! to make the map m graph io as possible. 
On some map* a large number of boline values would seemingly swell the number 
of device* necessary to produce sufficient shad mg j pat terns* but there b no 
need to change the pattern at every boline. Half a dozen grades of shtiding 
axe adequate, and differentiation within these grade* may be shown by inter¬ 
media to bylines. This practice b common on layer-coloured topographical 

maps. 

Monochrome or colour-series may be used instead of shading. There are well* 
established colour conventions for climate, population, and relief maps. On 
the International Million Map colour changes occur with increase of altitude 
from dark green to light green, through yellows to browns. and finally through 
pink* to white for land over 7,000 metres. Since these colours represent height 
they are called hypsometric tints from h*tp*i r on liigk. The name lAohvpse has 
ifcten suggested for contour K but it b unlikely to displace the established name. 
Whatever system of shading of colouring is employed on bo lino maps generally,, 
it is desirable to avoid a stop-tike effect* 

3. CijmATK asu WfuronE Maps 

Climate and Weather Maps are so widely used and employ the isoline method 
to such an extent that they deserve separate montinn p though remark* must 
here lie limited ehidiy to those map* which show temijcrature, pressure, and 
precipitation. Dependability is affected t u a considerable extent by the 
standardization of method in taking readings, the number of stations employed, 
and Lhcir distribution. Temperatures, for example, should l>e taken under 
identical conditions, as when using the same type of thermometer* in the shade, 
at a uniform height above the ground, usually 5 feet, and at a certain time of 
day h unless the mean of maximum and minimum temperatam b employed. 
Stations should be numerous in relation to the size of the base map, and fairly 
evenly distributed. Large gups between stations, or even large differences 
between readings at adjacent station*, tend to uncertain intcrpolatiozi- 

Qften readings require adjustment before plotting i* ixjrni noticed. For some 
purposes it is deaimbb to eliminate temperature variations mwqiuuit upon 
relief, so J ' F. is added to the recorded temperature for approximately each 
3->u feet of altitude. This process is described as reducing or. belter, adjusting 
temperature* to sea-lcvcL Some atlEi4Cfl include umjvt phoning actual average 
temperatures without adjustment, Isotherm* then reveal the dose association 
of temperature and reliefi 
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All climate map* art bu^ed upon observations extending over a period of 
timer preferably thirty-live years, Bence the statement that climate is average 
weather. The mean temperature for any day is understood to be the mean of 
highest and lowest shade temperatures on that day or, for very accurate work, 
the mean of twenty*four hourly values. The mean for the month is the mean 
of daily means, and the mean for the year the mean of the twelve monthly 
means. When the average for a number of years is used the map is described 
as showing the Mean Average Annual TeiUfjoralures. Similarly a map may 
show the Mean Average January or July Temperatures. Since temperatures 
vary no much from day to day, season to season, and even from year Lo year, 
it is obvious that maps showing mean average conditions should In- used with 
understanding. 

Some of these points appear to bo purely technical, but if distribution maps 
are to I>c of value and sound conclusion* drawn from them, care must be taken 
to see that the stat istics upon which they are based bear investigation arid that 
statistical methods are understood. On the other hand, them is little point in 
quibbling about degree decimal places on a world temperature map drawn to a 
scale of 1:215 millions, or even on a map of North America on a scale of 1:50 
millions, where the thinnest Line covers territory 3 miles wide. 

The meteorologist makes daily use of the isoline method in the preparation 
of isobar maps, which are of the utmost importance in foiecmding weather. 
Average readings are not required, but as accurate a picture an [awsible of 
pressure distribution at a given moment, banco the name Synoptic Charts, 

To ascertain comparable distri I mi lull of pressure free from differences 
caused by relief and other factors, mercury barometer remlings are adjusted by 
formula for temperature, altitude, and latitude, standards t*iiig 12° C. f and sea- 
level in latitude 40 & . The less dependable aneroid barometer readings do not 
require correction for Latitude and temperature. 

Pressure in shown by isobars drawn at regular pressure intervals. Formerly 
pressure was expressed in terms of inches, the heigh t of the mercury column in 
the barometer. On modem synoptic charts it is usually expressed in millibars, 
1,000 millibars being equivalent to 29-531 inches on the mercury barometer 
read at 32* F, in latitude 45°. 

For a long time isobars were shown as smooth curves, but rescort'll work, 
summarized in the Polar Front Theory, revealed that they often have sharp 
bends. The theory in relation to the north hemisphere may lie elated briefly 
as follows. From lower latitude* there U a drift of warm moist air round the 
world from west to east, termed equatorial air. In higher latitudes there is 
a drift of eoM dry polar air in the opposite direction. Along the friction zone, 
which is termed the Polar Front, where the streams come into contact, large 
shallow pockets of moist air from one to two thousand mile* across are isolated 
and lifted by the colder heavier air. As the equatorial air approaches a station 
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is a marked rise in temperature. hence the statement that a JFttrm Front 
is approaching There are also marked changes in pressure which give rise to 
oudden changes in tiie direction of isol>ars. Overcast sky t cloud, and rain 
caused by the sooting of the equatorial air as it is lifted by the polar air mark 
the oncoming depression, Behind the equatorial air is a Cold ^ n:mt ¥ marked 
by lower temperatures, sharp si low ere. high upiolling cumuious clouds, blue 
skies. and rising pressure. By the time a depression reaches Britain from 
America or the Atlantic, the equatorial air is often completely lifted from the 
ground by the polar sir. and the fronts have merged. The depression is then 
said to be occluded* 

Experience enables the meteorologist to anticipate the movement and 
development of pressure systems; aid hence the synoptic chart, compiled from 
adjusted barometer readings received from hundreds of stations on laud and 
ships at sea, complete with winds, precipitation, and sky conditions, enables 
him to make a reasonable forecast of the weather likely to prevail in a given 
district for a limited period ahead. The most imjx>rtant systems with which 
he rivals nro the closed isobar forms known 2 is depressions or Iowa, and anti¬ 
cyclones or highs, but conditioned by these are other isobar forms such as 
trouglis* wedges, and cols, as well as smaller secondary depressions within parent 
depressions, all of which have recognised weather associations. 

Not infrequently a word description of pressure conditions ia given, such as 
the following, and one ts required to draw an isobar map to show r the dist nbu- 
tion: 

“An extensive lnw-prc-^sare area stretches aonth from Greenland. while other 
ilcjin^dioiks are centred over Western Canada, North Africa, and the Black £ea, 
iilgb-preasnre ureas cover the British laics. Eastern Canada, and North-eastern 
Europe/ 

All goes well in the early stages. A series of fairly dose concentric drdea is 
drawn to represent the depress ions t and more widely tpaccd concentric circles* 
tho anticyclones. But later two problems arise. The lirat b bow to deal with 
the awkward spaces w hich appear between the different and seemingly belated 
systems, and the second is the numbering of isobars! which sometimes leads 
one into difficulty anil confusion. 

A successful approach is mode by noting that on nearly every weather chart 
the different arc M&rkcii off from each other by isobars ivuinhered 

1,012 millibars, and then applying a general principle applicable to all ifldiue 
imip^nuuidv. that Iwlweeu like systems h two highs or two lows, tho same laoline 
Ls crosses! an even number of times, whereas between unlike systems, a high and 
a low, the same inline is crossed an aid number of times- 1 he point is easily 
memorized by associating unlike and os id. These tionai dcrat ions give rise to the 
following procedure, which Is illustrated in Fig, 83* 
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(a) Mark with the letters // and L the highs and lows where stated in the 
description of pressure distribution. 



Fsri. &3 a Dm wing Th* awibara eif a w tTkth«r c\mrt fhim u diM^ripUyn of presaun* 
d^tribmion, (&tj First (bj Second atagu. ZmithnJ 


(A) Between like systems draw two 1,012-milJibfir-isoUma, either separata 
isobars or a loop of one. 

(c) Between unlike systems draw one I.OIS-millibaT-isoikin. 
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(d) In the areas so marked off diAw well-spaced isobars closer together in 
lows than in highs. a voiding sodden changes of spac ing. 

(i) Number all isobars out wards fjftmi the 1 t 012s. It will then lie found that 
numbering offers no problem, and that the different systems do not 
suffer unnatural isolation k 

Detail relating to probable winds, precipitation, tempevflture h and sky con¬ 
ditions may be added from a general knowledge of metrology, w hich is outside 
the scope of present consideration, though a selection of symbols is given in 
Chapter XXVi in the section on Symbol Maps. Sufficient to say that the closer 
the isobars, the greater or steeper the pressure gradient, the stronger the wind*, 
and tho greater their degree of deflexion. The winds will, of course always 
move from regions of higher to regions of lower pressure, with deflexion to the 
right in the north hemisphere and to the loft in the south hemisphere. 

Isobar maps which show adjusted mean average pressure, compiled from the 
means of twenty-four hourly reelings for each day. arc of value in the study of 
climate, A world map of mean average annual pressure reveals two belts of rela¬ 
tively high pressure, exceeding 3,01 ft millibars, lying approximately along the 
Tropics, with relatively low pressure, less than 1,010 millibars, in the Equatorial 
zone and again Polewards of the high-pressure Vpelta, All the belts vary with the 
sejiHdtt in form, position, and extent, and these changes account for the move¬ 
ment of wind belts which play so important a part in determining climate. 

Rain fell records nro kept at more than 5 ? 0o0 etationa in Great Britain alone. 
Where stations are inevitably few, it is neoe&mry to choose their sites with care 
in order to obtain representative samples, for rainfall varies rapidly from place 
to place* especially in hilly country. The Amount of rainfall at a particular 
station ib the depth of rain which would be caught in an exposed cylindrical jar. 
It is usually measured in inches or millimetres. Snow must be melted before its 
value in terms of rainfall is known, but a fair average is a foot of enow as 
equivalent to an inch of nun. 

In many resjwets small-scale rainfall or isohyet maps arc less satisfactory 
than isotherm and isobar maps. Too often Ihej" resemble a bad case of swine 
erysijselas, and t here is rarely any indication of regime or seasonal distribution 
of precipitation, though this is very important, 

Rainfall effective alto varies enormously with temperature, Some years less 
than 12 inches of min have been recorded in southEngland, with its 
orchards and crops, yet this amount in lowland tropical country would produce 
little but scrub. Such conoid era tions &<s these open up the vhita of mapping 
climatic phenomena by isoline methods, 

4, Theory asu Practice 

In order to test some of the forego Lug theory of distributional mapping, the? 
different methods have been applied to map population in central Shropshire* 
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finsJ the results arc shown in Fig*. 84, 85, ■$<>, and SJ. The area coircred is 24 by 
£5 in ilea. It is a particularly suitable area for demonstration lie cause included 
in it ate poor MU-grazing country, fertile agricultural lowlands, and the small 
but once world-renowned industrial district of the Coalbrookd&le Coalfield, 

(i) The Dot Map. This is seen in Fig. 84, Parish boundaries were traced on 
a scale of | inch to the mile, and population statistics ond densities pencilled in 



fro in the Official Census for 1031. The lowest, round number of persons that 
could be assigned to a dot was 200, A lower number would hare caused dots 
to merge in two or three of the densest parishes, though the appearance else¬ 
where would have been improved. Dots were made with a linoleum-tipped stick 
and printers' ink. and when this was dry the pencil work was rubbed out. 

Production of the map presented three problems not previously discussed 
The first was that often adjacent rural parishes each had slightly less than 
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100 people, and lienee did not qualify for si slot as each had less til an one-half 
of the requisite number. In these circumstances two parishes were treated as a 
unit, and one dot inserted in the geographical centre of the combined areas. 

The second problem arose because parishes ran off the map at its edges, as 
seen in i’ig. 87, where parish boundaries are shown. Although the population of 
the w hole parish was known, that of the required portion was not. Here use 



was made of the density figure. Dots were inserted by eye in the required 
portion in the same density as they appeared in a complete parish, having the 
sjune official density figure elsewhere on the map. 

The third problem was representation of urban agglomerations, liad the 
dot method been applied to these, dot value would have been so high as to 
render rural areas blank. Consequently- resort was had to a three-dimensional 
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figure, the sphere, The urban area with the greatest, density of population 
determined the largest sphere sixe which could lie accommodated in t he space 
available. Having determined sphere size for this one area, the standard was 
set for the remaining urban areas, for any other sphere to scale could he 
adeommodated within its appropriate administrative unit, because relatively 
am idler in size. This meant that a sphere might cover only a part of the district 
whose population it represented. If no modification were made, this might 
leave the sphere more or less surrounded by a blank area, which would probably 
be an unsound representation of actual population distribution. To avoid this, 
it seemed reasonable to adjust numbers so that some of the population j& 
represented by dots near the sphere to break up the blank zone. 

fii) The Isolint Metp. The I BO line Map seen in Fig. 85 was nest drawn, Parish 
boundaries wore again traced, and the density of population per im acres was 
written in the geographical centre of each parish. Densities ranged from I 
person per 100 acres to 1.170 persons per 100 acres, as shown in the following 
table, in which the left-hand figure (a) in each column shows the number of 
porsuns per ]Q0acres, while the corresponding figure (6) on the right shows the 
number of parishes having the given population density. 
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The chief difficulty is to choose suitable density numbers for isoplcths. The 
temptation is to start drawing isopleths for the numbers 5, 10, amt 15, It is 
soon evident that though successful in rural areas, such a small Interval, 
building up in arithmetical progression, is incapable of dealing with the range 
of densities involved. 

A geometrical progression such as 5, la, 45, 145. *c„ might cover the whole 
density range, but would mask small but significant changes of density in rural 
areas, oh between the liilJ pasturelujul and the fertile plonghlmid. 

If it is decider] to choose bopicth numbers that will give a satisfactory 
territorial distribution to the various density grades, this b easily uvliievoL. 
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There arc about 15ft parishes and if the density table is marked off at every 
thirtieth parish, four bopietha would be required. On this basis they would be 
numbered $ r U t 14, and 23, but it. is evident that too wide a range of densities 
falls in the group from 23 upwards. 
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Prices 
74* per 
SOD Aeto 


Flo. Sa. Pwasity by ahildiiig* 

The system adopted was that of natural frequency distribution, obtained by 
graphing parish densities against numbers of parishes in each grade. The 
limiting densities of the various density groups appealed to l>o 9* 2t ami 74. 
Tlie result at least justifies the statement that i ho unproductive lull lan d of 
the south is differentiated from the more fertile lowlands of tlie north, and the 
coalfield is also dearly differentiated with Its high densities in the middle east 
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nf the ane-v Tt is interest ing to compare these figures with those quotes! in the 
chapter on Deimlty Maps, since the map was drawn without referents; to the 
hitter. 

(iii) The Density Mnj>. Comparatively few points arose in drawing the density 
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Fio h ST. Density by prop^rtiomU tbmUiig. 


map seen in Pig, SG. Consideration of density grades already set out in connexion 
with the 1 bo lino map, combined with the need for direct comparison with tlmfc 
map, suggested that the same density grades should be employed. Parish 
boundaries are allowed to remain. The shading pattern* are among the smartest 
that could be chosen. They could be applied to ike isoline map and o&mp&riHon 
made of the areas covered by the same pattern* on the different maps. 
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(Iv) Proportional Shading Map, This map, as seen in Fly. 87, was drawn on 
the basis of one moss line per vertical inch for each person per lfH) acres. Thus 
in parishes with 22 [jcrsoim per ICO acres. 22 cross lines per vertical inch wore 
ilrawn. Little difficulty was experienced in rural areas because density nowhere 
exceeded 74 persons per 100 acres. In urban areas, however, densities ranged 
from 13 2 upwards, ami recourse was had to solid shading. This pro vents 
differentiation within the high density areas. The map probably gives a truer 
visual impression of density distribution than the map in Fig, SB, 

The statistical units are too small and numerous, and the range of densities 
too great, to render practicable an attempt to produce a fifth map having a 
uniform number of cross lines per inch, wit h each line of thickness proportional 
to the population density within its statistical unit. 
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Much statistical information has no relation to a space or territorial back* 
ground, so docs not lend itself to representation in map form. It can often be 
shown, however, by means of graphs or diagrams which reveal significant facta 
to the mind far more quickly than columns of statist ics. Strictly speaking, these 
graphs ami diagrams are outside the field of statistical mapping, but they are 
bo often placed ujjon a map background that the principles involved should he 
understood. 

There are several kinds of graphs, the chief of which are Bar Graphs, Line 
Graphs, Clock Graph#, and Pie Graphs. It. is by no means easy to eav when this or 
that type should be used. On the other hand, it is fairly easy to point out good 
nnd bad methods of graphing, and this will 1 w done as each is considered. 

L, Bam Gkatjjs 

Bar Graphs or Charts are among the simplest and moat widely understood 
of graphs. The commonest form consists of a number of bar? set up side by 
side as in Pig, 6$. upper part, proportional in length to the number* represented. 
Thus by Simple Bar Charts a variety of facts can he exhibited, truck as tlio 
values of a country's leading manufactures, imports, or exports, the rainfall 
at a town month by month, or the calorific value of various foodstuffs, 

Bars are drawn either vertically or horizontally. When a time element, is 
present, oa in a graph of monthly rainfall, it is customary to use the vertical 
form. Since the eye is accustomed to read from left to right, January is graphed 
on llie left, anil the man tbs follow through to December on the right. 

The tfuuc practice should be followed when the graph shows a succession of 
years, as in the cm mi pie given, the earliest year being placed on the loft and 
the latest cm the right. If the timo change is constant, Ibc bars should be 
placed at a constant distance from each other, but if for some reason a break 
occurs in the time element, a gap should be left between the bans at the appro¬ 
priate place to avoid misrepresentation. IF a horizontal arrangement is chosen, 
oa in Fig. HI), the date order should alw ays lie in sequence from top bar to 
bottom bar, again lecAuse the eye reads horizontal lines starting at the top 
and working down the page. 

When there is no time clement, bars may !« drawn either vertically or 
horizontally and order is immaterial, .A traditional arrangement may lie follow ed 
as in setting out the names of provinces, but more often the arrangement is in 
order of magnitude. 

Bar graphs used nearly always to be drawn on mathematical grapk-jjui>cr. 
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commonly ruled in J-inch squares with subdivision into ^-inab square*. The 
tradition dies hard. It should be considered whether such u complete and small 
grid aids interpretation of the gmph, or whether it detracts from its appearance 
and induces eye fatigue. On the whole, it i& far hotter to rut down the number 
of co-ordinate lines to a mini mum r remembering that the graph is drawn to 
give a visual impression, and not to propound a puzzle. If graph paper cannot 
lie procured with only essential Co-ordinate lines upon it t tracing-paper can be 
laid over mathematical graph paper and essential coordinates ruled. 
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Business men often in&ist that the statistics employed in preparing graphs 
ehoulti be net only readily accessible but actually visible. This may lw achieved 
in either of two ways. A small statist ical table might ho set out on the same 
sheet of paper ns the graph, or better, the statistic* may In* accommodated 
within the layout of the graph. This is seen in F"ig. Sit. where the percentage 
represented by each bar is printed at the end of the bar, but not in fig. 88, 
where values of bum might have been inserted just above the eu-million- 
dollar loveL 

Norne people prefer all artistic# to lie moved out to the* top or side of the 
bar Bcnfcfl. Osi a horizon to! bar graph showing infant mortality from specified 
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i&usea, tlift causes of death could l>e named in one column, the number of deaths 
from each, entered in a second. and the numbers would thou be represented by 
horizontal bars of appropriate length to the right. 

The horizontal arroiigempat makes tho setting oat of names and numbers 
ikiiiy easy, as there is plenty of roam at the beginning or end of bars, whereas 
there is £ very limited amount of horizontal space beneath vertical bars. This 
diflicnity is often met by printing some words and numbers geeti dall y, but it 
is worth while trying to arrange a] 3 printing so that it can bo read without 
turning the graph round or straining the neck. Reference to Fig r 04 iDustrates 
the point aEid is as originally published. An attempt might bo made to redraw 
this diagram so that all numbers and printing, including the koy* stand the 
same way. 

There is much to bo said for inserting scale numbers at Ijoth sides of a graph 
having vertical bars, or beneath and above a graph with horizontal ban*. 

So long as cadi bar is the correct relative length, its actual length h im¬ 
material subject to convenience and reason. Usually tho longest bar, through 
limitations of space, determines tho lengths of the other bora. Sometimes one 
or two bars so far outstrip others that they cause undue dwarimg. One must 
then consider whether the most suitable method of graphing has !>con chosen, 
or whether recourse might be had to bending the longest bars at right angles 
to wattle tho Unlit of the graph field. Such a problem arises in graphing annual 
rainfall of stations in India, for rainfall ranges from 42& indies at Chmttttpuiiji 
to 3 inches at Lein 

One point which deforces special emphasis h that liars should always start 
at the zero-line, A totally wrong impression is given if the bottom portion of 
the graph is cut away, like useless stamps of asparagus. Imagine that in Fig, un 
the 30-mil]iun.dollar line hod Iwen treated as the base of the graph. The value 
of products for HiSfi would then appear to be several times that for 15)32, and 
Ike true facts wo tilt l not \y> represented graphically. 

Similarly, when several graplis are drawn and arranged in Juxtaposition so 
that CtimjmrioOEEs are in evitable, nil bars should bo drawn to the same scale. 
Even when the foot that they are not is indicated by figures up the aide scale of 
the graphs, reinforced by such a device as printing in full a multiplying factor, 
a.H r for example, on one graph at the tenth cross-line 1t> x 19*000 bushels, and on 
another 10 x a,u00 bushels, the visual effect ia inescapably misleading- 

The width of bars is of little consequence, but extremes are to bo avoided. 
A solid bar drawn with one stroke of a lettering or conical pen looks effective 
and is quickly executed. All the bars of a single graph should he uniform in 
width* The effect of bars of different widths is seen in Fig, 1M, though thin 
figure la nut to bo regarded as a bar graph. 

Annual rainfall p graphed month by month, is usually shown by fairly narrow 
hare packed closely together. Tlueir individual kmg t tin are riot m imp infant 
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ns their collective efTed in showing both t<'3t.nl annual rainfall and rainfall 
regime, The only statistic# 11 anally required on such unit grouj*s are the total? 
for the year. When printing is used in ooujuiurtion with vortical bars, increased 
width provides more space and cross-shading may he preferable to solid. 

The splicing of burs varies a good deal from graph to graph. When mathe¬ 
matical graph paper was chiefly used* bars were often drawn without any 
spaces between them, but present practice seems to favour interbar spaces as 
in the two examples given. There m something to l*> said for drawing lines 
between bars, as these tkre not conspicuous and form ^nvenient dividing lines 
for names or statistics relating to the various bars. 

So far* it has been presumed that ail bars are drawn on the same auto of the 
base- or zero-line. But for divergent facta bars may be shown to advantage 
lying fin opposite sides of zero. Fig* fSB provides an example, increase being 
shown to the right and decrease to the left, [n contract to the former type, 
such graphs may Iks described Divergence But Chart#. All that has been said 
about bar length wild width* horizontal and vertical arrangement, applies 
equally here. The zero-line should be plainly marked, and the scale shown 
outw ards from zero. Profit, and Joss, or im porta and ex|M>rte h could be graphed 
by this means, but if the bars are to l>e distinguished by dLOercut shading, it 
is to bo questioned whether a change of direction i- a help or hindrance. 
Elaboration should always be subservient to purpose. 

Some statistics are shown to advantage by Bwr Groups* Thus total rainfall 
and yield per acre of rice or maize in different areas might be bhowii by bars 
arranged in pairs. It is very doubtful whether Fig, SB gives ns much information 
in its present form as it would if the net values of production for 1936 and 1037 
had Ixen shown separately by bare arranged in pains for each province. Increase 
or decrease, and relative net production, would then have been apparent. 

Quantity and value of output of various provinces offere another application 
of the group met hud, though in such cases it must always lx> borne in mind 
that, often the influence of such important factors, os province area and popula¬ 
tion arc not taken into account. The graphs may be factually correct and yet 
offer little to an inquiring mind* 

If colour is available it is t% great oid to comparison of bar groups, as the 
same colour is u*ed in each group to show the same fact. Without colour, 
three or four bars per group aecm altoni the maximum number that the eye 
can usefully retain fur comparative purposes. 

Another arrangement of the bur group in appropriate cases is to put all 
members eud on t giving a scries of what may 1m? termed Compound Burs or 
Bars of Component Parts, Thus a firm's monthly gules might bo shown as 
divided between home and foreign markets, yearly income as between s|handing 
and saving. Bans may consist of more than two component parts, as when the 
total number of unemployed is divided into several age or occupation groups, 
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or when different strata are drawn to scale ns encountered In borings, An 
advantage over the previous arrangement is that comparand bars are easily 
compared in length. There is difficulty, however, in comparing the lengths of 
the various components, and tlio value of any one part is not easily read from 
the scale since its base often does not stand on the aero-line. There is probably 
a case for values to be written on all component parts, or for a fairly detailed 
division of the scale ur an open divided scale-line as on topographical maps to 
a^ist in overcoming the difficulty b 

A series of bars of uniform length is sometimes drawn and subdivided on 
a percentage basis. This Ptrcenlatfe Bur Chart may Ik illustrated from Fig. !M 
disregarding for present purposes tbs siguificanoo of different bar widths! 
Analysis of various soil samples is suitably shown by this method, bars of 
uniform length being subdivided according to the percentage uf day, fine silt, 
sand, lime, humus, and moisture. The eye is often aided when liars are placed 
side by side, separated by spaces, but with the division lints carried across 
from one box to the next. The varying thickness of any band is then quickly 
followed by divergence and convergence, of link-fines. 

It is hardly necessary to add that pictorial representation, ns by drawing 
men of different height, should not find a place in serious graphical representa¬ 
tion. There id much to be said, however, in favour of repetitive patterns in 
such forma as amah men, pigs, or money bags on appropriate bar charts or in 
place of bare. These may succeed in attracting the attention of the unwary, 
and should not unduly annoy the purer soul in search of knowledge. Whether 
or not such decorative devices are employed, an adequate descriptive title 
should accompany every graph. 

2. Lixjj or Curve Graphs 

lane graphs are us easy to understand as bar graphs. Most people are familiar 
with the bedside chart showing rise and fall of a patient's temperature, and 
many have seen barograph charts showing rise and hill of atmospheric pressure. 
When the elementary notion of a graph layout is understood, with dates along 
the bottom, and values up the side, it is os easy to show a given value for 
a specified year by a dot m by a bar. Thus in Fig. 83 the value of the products 
of the fisheries of Canada could ha ve been shown b}’ a scries of dots at the places 
occupied by the tops of the bare, A lino joining the dote would have called 
attention especially to the rise and fail in values, whereas the bars probably 
call attention rather to the value of each year in turn. 

The line method has been adopted in Fig. 88, lower part, to show separately 
the quantities of the four principal sea-fish. These graphs may be termed 
Simple Curve Graph?. There is no accepter! principle as to when lines or curves 
should bo used instead of bare, but psycho logically the line graph appeals os 
particularly suitable to show continuous changes, as of temperature, pressure, 
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ftrw) population* and the bar graph to fchow discontinuous chancy of rainfall, 
price, output, and value, or of independent quantities unrelated by a ticne 
element, a s of wheat production f bt a single year in different countries. 

The layout of a line graph is Like t hat of a vertical bur graph. If times or 
dates are involved they usually form the horizontal scale of the field, and 
should proceed in order from left to right. Quantities are then marked on the 
vertical scale, In such cases time is spoken of as the independent variable, and 
quantities as the dependent variable, though the revere m sometimes true as 
when graphing the time taken by a child to increase a certain amount in weight. 
Tn graphing temperature changes with altitude, to show what is termed Lapst 
ifate. altitude ia the independent variable and temperature the dependent. 
There should be no difficulty in determining which is which. The independent 
variable should always form the horizontal scale, so that the curve always 
reads from Left to right, significance lieing attached to its rise and fall. No line 
vendon of the liurizxmt&l bar graph should be drawn. 

When the vertical co-ordinates rater to periods, the tot and last on the 
gniph field should not lie made thicker than the real, unless the field represents 
a complete period, as, for example, when graphing the output of a mine from 
start to finish p or of a person's weight from birth to death. 

Them is some difference in practice in placing dots on the vertical scale. On 
some graphs the vertical lints are u&ed to represent periods and dots are placed 
on the lines. On others the spa™ between Lines are treated as periods, and 
the dots are placed eentrnUy in the spaces, just as hats are usually drawn in the 
vertical spaces of bar graphs. Another variant u seen where the spaces are 
treated m periods, but the dots are placed on the vertical linn Immediately to 
the right of each, as though to represent the state of affairs at the end of the 
period. The space system at least offers some convenience in inserting dates 
along the bottom of the graph, and statistics along the top, 

The horizontal coordinates of the scale, and never the horizontal spaces, 
represent quantities. Hence scale numlierH should tie placed SO that- they are 
cut by the horizontal lines, or would be if these were produced. They should 
never stand on the lines. It Ls often a help in reading, whun ^cale numbers 
appear on both sides of the graph. Numbers are often not written in full as 
iu Pig. til, but their value is expressed in words* as seen in Figs. fill and fi9 t or 
a multiplying constant Lb written adjacent to one of the side-scale numbere 
at a convenient place on the field. 

Unless rircumutaueea are exceptional* the zero-Una of the scale should appear 
in its true position in the layout* If it must be omitted, attention should bo 
called to its absence by some device such as a wavy line at the bottom of the 
field, or a break as seen in the lower graphs of Fig. &S. Even then it is difficult 
to make mental allowance fur an abbreviation which gives rise to visual 
^^representation. The j^itksn is rather different when graphing temperatures. 
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as absolute zero is so far below ordinary temperatures as to render it an 
unsuitable base. For dimate graphs at least, it is sound practice to mark 
clearly the co-ordinate representing frecring-pomt and to use a common base¬ 
line temperature for all curves that are likely to be compared with each other. 

On some graplia the dote lire dearly marked and an others they lire not 
shown at all. It is a matter mainly of discretion. Dote should Ije joined by 
a series of straight lines* thus differing from the flowing lines used on isolino 
maps and the sections drawn across them. The resultant component line or 
curve as it is called should l>e distinct and clear, and in no way subject to con¬ 
fusion with co-ofdinate lines. There is a distinct advantage in reducing the 
num ber of these to a minimum* Thus, if quantities are graphed monthly over 
a jieriod of years, it is usually sufficient to draw one co-ordinate only for each 
twelfth month. There is no objection to the insertion of an occasional note on 
the graph field, for instance to explain any abnormal feature of the curve, but 
nil printing should be readable without twisting the graph about. 

Normally statistics are graphed directly from tables which show actual nr 
average figures. Sometimes, as with trade statistics, line and fail am so rapid and 
frequent that little can be gleaned of general l rend, which may be the object 
of inquiry. It h often possible to reveal trend by finding a moving period total 
before graphing commences. For example, value of trade for each month in 
turn might be added to that of the eleven months immediately preceding it, 
res u I ting in a series of figures w hich show value of trade over periods of twelve 
months each. This moving annual total or progressive average tends to smooth 
out rapid short-period variations and so to reveal general trend. 

Div&yjcnce Line Charts, like corresponding bar charts, require a iiclJ below 
and above the sen?-line, They are useful to show such matters as profit and 
lass* the difference ill value- between imports and export#, or population: change 
due to migration, over a period of time. Ills desirable in these eireAni stances 
to make the zero line thicker than the other co-ordinate lines, and to indicate 
clearly theoignificanee of Ihe upjier and lower fields. The scale of the de|senden£ 
variable is naturally numbered outwards from the zero-line. 

Whan coest-of-living or price-index number* are compared over a period 
of time, an initial period is taken as standard, and usually expressed m 100 
or 1*000. This number then forms the base against which fluctuations are 
measured. On a base IU 0 P a fall nf IT would read ^ 1 * P and a rise of 17 would 
read 117* This eliminates any danger of confusion which might arise wore the 
standard called 0 * and plus and minus eigais used to indicate rises anti falls. 
It is also a mum convenient form for descriptive purposes. When the statistics 
are graphed* the standard or base might well be thickened like the zero-line 
of the divergence chart. There is no potefc in carrying the field down to iem 
because no one can imagine that the cost of living w ould ever fall to zero m 
a country civilized enough to keep reliable statistical records. 
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When more than one curve is shown on a single field, eis in the middle series 
of Eig. 68, tIt g graph may be termed a Group Gan t Graph. Provided eare is 
taken to draw Lines which are easily distinguished from each other the arrange¬ 
ment is exceedingly useful for comparative purposes, but too many curves spoil 
the graph. It is better to limit the number at meat to three or four on any one 
field, and to use a second field for further curves, repeating* if desirable, any 
one us a standard for comparison. An alternative method is to draw each curve 
ou a separate field, as in the four bottom graphs of Fig. K8. and to arrange 
the fields so that comparison is easy. In this example visual comparison is 
impossible because the scales are not uniform, and fields arc neither complete 
nor uniformly broken at the hose. 

It is frequently convenient to graph related items such 03 quantity and 
value on one field. One side of the graph L* then sealed in unit quantities and 
the other in unit values. The two scales are Independent of each other, though 
the}' make use of common horizontal co-ordinates- Values are chosen which 
keep the lines usefully close together on the field. There is a tendency to strike 
a balance in scale units* Thus, if one scale reads 1, 2, 3 million tons, the other 
scale might be selected to read at corresponding levels 1 P 2, 3 million dollars, 
or 10, 20, 30 million dollars, rather than a sequence like 7. 14, 21* 

The question of scale is sometimes complicated when items are alike in kind, 
but differ enormously in quantity, because a very long field is necessary to 
take in the complete range, In aueh drouniBtanceg It is possible to use a simple 
number scale o n the graph, and to use different units for different curves. Fur 
example, on a graph relating to railway development, capital may I jo shown 
in millions of pounds, number of miles in thousands* and profits in hundreds. 
Unit values are then written on the appropriate curves, or an indication given 
of the number of noughts omitted. Another method of dealing with the 
problem is by means of seniilogarithmic paper, as seen in Fig. Of. Both solu¬ 
tions are satisfactory from an accommodation point of view, but they limit the 
w& of the graph for quantitative comparisons. 

Fig. 90 shows a different arrangement of several curves on one field, Tho 
value of gold output Las first been graphed, and then the value of gold plus 
copper, with other minerals added in turn. Tima, the final curve shows the 
total value uf mineral production. This Compound Carte Qmph is the line 
version of the comjiound bar diart, anti has about the same advantages and 
disadvantages. The use of shading U> distinguish different minerals might be 
noted. Solid bkek would be appropriate for cool, but as the area involved is 
exten&ive, it might unduly dominate the field. Value of agricultural production 
could be graphed by this method, distinguishing Lie tween field crops* farm 
animals, dairy products, fruit and vegetables, poultry, and eggs. 

Values might aUo be graphed urj a percentage basis, as described in con¬ 
nexion with bar graphs, but the resuite are rarely of distinctive value. Some- 
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tiroes the percentage basis is misleading, o? when mean monthly distribution 
of rain fa El as a percentage of the average annual rainfall is represented in ft 
simple Hrio ^raph, fbr regime h shown devoid of quantity* a feature of para¬ 
mount importance especially an tropical regions. 

Just ns the compound curve graph ahews the quantities or values of different 
items and the totals of these for any one period* so a Cumulative Curve Graph 
shows the accumulated total at any given date. Thus, instead of showing the 
total value of minerals year by year, as in Fig. SO, a curve could have been 


Fig. 90, Compound Carve Graph showing xh* value of principal mineral produced m 
Aimtmlia* 1830-195$, Thv upper curve represcnlfl the total value of miutmil production* 
itJ dJo tho vertical distances btjtw+jqn, the curves reprraunts the value of production of each 
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drawn showing the accumulated values at each decade. This would not iiavft 
a great deal of interest or value, since minerals mined Ln tSStt are very much 
it thing of the past. But cumulative curves are of value to allow such features 
ns total water-power installation fc mileage of railways, or factory output. For 
obvious reasons, the curve never falls, but may become parallel to the zero-line. 
Other curves, not necessarily cumulative, are usefully shown on the same field. 
On a railway development graph r for example, additionuI curves to allow current 
construction cost per mile, traffic receipts, and net profits, may be drawn. 
Frequency Cutre Graphs are designed to show how often ft certain pheno¬ 
menon occurs. In graphing ft year's weather statistics of a given station* doily 
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mi mm eh el temperatures might. be scaled along the horizontal co-ordinate, and 
the mum tier of days on which each was recorded as the mini mum on the vertical 
co-ordinate. The curve when plotted would show at a glance such information 
as the number of days any given temperature was experienced as the minimum, 
aud from it could ho found quite quickly on bow many days temperature did 



Fm, Or Rqtc nt change or ratio graph of livestock in Australia r [HCO-1937. Tlio vertical 
senk 1 id l^gonthmk- hikJ thir mirvis Hh=- l nnU full According to thi* nit-- of incur-tu?* or 
dLiCri'iiiW, Actual nuiaibefii arc iiudloated by tlic scti!^ at thn aide of tlw gnipli,, 

not fall below a given degree, information valuable perbnpg in considering crop 
production. Similarly„ the length of dnought periods experienced at a station 
might lie plotted against the number of times each jreriod occurred in half 
a century. Such a graph would be instructive in an examination of the poa- 
pihEtitles of successful crop farming in a semi arid region. Frequency graphs 
are also of use in biological investigation. 

Reference has already Ijccu made to tbo convenience of a side scale like that 
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of Fig, 01 to represent widely differing numbers on a single field. To show the 
range af anmbera in this example but upiing an ordinary arithmetical scale, and 
pillowing one-tenth of an inch for each bundled thousand animals, tho field 
would have to lie about 3 yards long. If, on the other hand, [^reeritage varia¬ 
tions had been graphed using 13fU> as tho starting’point, no indication of abaci' 
lute numbers would have been given, and they are of great importance* 

On close examination of the scale it will be observed that the base is num¬ 
bered 100,000, and that horizontal co-ordinates become closer till the number 
1.000,000 is reached, and then there h repetition of spacing to 10.000,000 and 
again to 100,000,000, but each time tho numerical build up increases. It would 
manifestly be impossible in the upj*er part of the graph to draw horizontal 
co-ordinates for every 100.000 increase* Tills system of spacing is not then 
proportional to the numbers them^dves, but it m proportional to their bgar- 
ithm & r Tints, because the logarithms respectively of 100,000, 1 ,000,000* and 
10,000,000 are 5, 5, and 7, their co-ordinates are equally spaced. This logarith¬ 
mic ruling in fjEie direction, combined with arithmetical ruling ui the other, 
gives what is termed $Samlogtmikmic Graph Paper, 

From examination of the repetition of spacing it is evident that the game 
amount of vertical rise occurs between any number and double that number, for 
example, between 200*000 and 400*000, as between 30,000,000 omd 00,000.000* 
This means that if any items double in number or value over a given period, 
the Increase h shown by identical slopes or curves p regardless of numbers 
in voiced and place on tho field. Generalizing, all rates of change are shown 
by identical curves, end consequently semi logarithmic paper h iiuilsi^nsable 
for these Ratt of Change or Ratio Graphs. 

When expenses and turnover are graphed by these means, it is apparent 
whether expend are increasing at a greater rate than turnover, and this is 
more significant than absolute hiereuye. Other subjects for treatment ou semi' 
logarithmic paper might be passengers carried and passengers killed, this for 
the enlightenment of the management rather than for public entertainment; 
sales of vehicles and of spare parts; areas devoted to permanent grass and to 
specific cultivated crops; total number of sheep and of breeding-ewes; value 
of imports from different countries and of total imparts; and also graphs of 
population, immigration, or output, where rate of change is more important 
than absolute change. 

Logarithmic paper is available in ono. two, throe, four, or five cycles, and 
h scaled at will. There is no zero* but a power of 10 should always bo used, 
and each now cycle or deck commences at ten times the value of the previous 
one. Single-deck paper may l>e scaled from 1 to 10 or 100 to .1,000. If tikis 
range is not sufficient double-deck paper may tw used, with range 100 to 1,000 
on the JLrst duck and 1,000 to JG UiK) on the second. With five-deck paper the 
bottom figure can l*c 10, and the top of the fifth deck Is then 1*000*000. A big 


*00 GRAPHS 

Advantage nflhifi BVHtcm h not only in the range of rallies which can i)C plotted p 
liLit whai m also inherent in the previous discussion, that variations in low 
numbers and in high numbers can both be plotted on the same field without 
undue suppression of tow-number changes. 

3. CosfBOJED Bah anu Lira Grains 

Good use is often made of combined bar and line graphs on a single field. 
Probably the commonest, seen are of rainfall and temperature. Rainfall is 
tieuall}" shown by means of twelve bars, one for each calendar mouth. It might 
hr noted in passing that the burs are, therefore, for unequal periods. Tempera- 
tore is graphed by a simple curve. Rainfall regime is made apparent and an 
impression given of the amount. Range of temperature is also shown. Rainfall 
sicalc is written up one Bide of the field and temperature up the other. Since 
the temperature scale has no suitable r.ero and, therefore, cannot coincide with 
rainfall zero, matters can be so arranged that the temperature line does not 
become obscured by the rainfall bars. Arrangements should bo mode to draw 
all such graph* m are likely to be compared with each other, on a common 
scab. This might apply to all graphs in a single book cm climate. The advantage 
of leaving spaces between bars is apparent, for should the line of necessity cut 
the bars, its course may still be traced. 

Actual and average figures are of interest iu n survey of climate, and despite 
the objection that, i:^ sometimes expressed to graphing rainfall by curves or 
temperature by bars, them feeinp a case for graphing, say, the average tem¬ 
perature or rainfall by a curve and the temperature or rainfall record, of a 
specific year by bars on the saruc field. The difference revealed may provo 
surprising* In Western Australia, where only about 2 per cent, of the area hm 
an average of over 40 inches of rainfall a year, 0 stations have recorded a fall 
of 1>cfcween 14 inches and 30 inches in 24 hums. The heaviest fall, of 20'4 inches, 
was rat Whim Creek, where the average m about 15 inches a year. 

Use may also be made of bars and curves on a divergence chart, Tima, 
monthly profit and loss may be shown by bars above and below the zero-line, 
white a curve shows the net or cumulative result. 

4. Clock Graphs 

The perfect symmetry of the circle makes a universal apf)eaI F and perhaps 
for this reason attempt* air made to employ Lisp circle to represent statistical 
Information. Add to this symmetry a rayni metrical division into twelve parts, 
as made by the hour numbers on a clock face, and the coincidence in number 
of thrasc BulMlivMona with the twelve months of the year, and the origin of the 
Clock Graph is esplainwL Twelve rays are drawn and named rafter the months 
of the year, starting with January at twelve o'clock and proceeding in clock- 
wi$e order. The quantity to be graphed for each month b sealed outwards 
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from the centre ns scero d along the appropriate my+ Quantity marks are then 
joined, and the resulting figure by its shape shows monthly changes. 

The dock graph has been justifiably condemned beoau^o information can 
nearly always be graphed by hotter means. One of the few points in its favour 
b that the layout suits Jin© graphs of certain phenomena which go through 
a cycle of time, as average temperature from January to January. 

An example of application to climate graphing is seen In Fig. G2. As a matter 
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Fid, 92, Clock Graph at Pular Cliart to 9how temperature and rainfall of Calcutta, 
drawn from figures m tabl* above. 

of convenience the zero of the ecu!© is an inner circle. The concentric co¬ 
ordinates arc spaced at temperature intervals to accord with the descriptive 
words inscribed. As temperature rises, the temperature curve moves away from 
the centre. Strictly speaking, the temperature scale should be a geometrical 
progression to avoid slope distortion* but here an arithmetical progression i* 
used, A numerical balance is struck between scales for temperature and ram*- 
which is shown by the bars. The information on thi4 Polar Chart x which 
is an altermtive name to dock graph, hIujiiIJ be graphed m described in the 
previous section, and the results compared. 

The wind-rose is a form of clock graph, though with eight or sixteen revs 
iiuttend of twelve. The rays are drawn proportional in length to the number 
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of dav* on which wind of given direction ib recorded* The wind direction is 
Indicated by that of the ray t regarded as pointing inward towards the centre. 
Calms may be shown by a number or percentage inscribed in a circle about 
the centre, or by a horizontal lino of appropriate length beneath the rose. 

5. Pie Graphs 

Pk Graphs are also widely condemned, but still more widely used. Examples 
are seen in Figs. S3 and 90, The method of production is quite simple. A circle 
of any convenient radius is drawn and subdivided into soclora proportional to 
the numbers represented. Each degree of ore is 3 | 3 of the total. If statistics 
are given in a |jcrccntage form, it is convenient to work on the basis that 
1 jicr cent, is equivalent to 3-0 degrees. The smallest quantities should be dealt 
with first because any slight error that accumulates does not seriously affect 
a remaining large sector but may halve or double a very small one* Useful 
I unite are probably from four to ten sec tors, with optimum about sinr. 

There m little difficulty in setting out statistical values of sectors, but lettering 
b not m simple. Appropriate words may be written in the sectors, or round 
the circumference. Kelt her is wholly satisfactory, liecause a change of face is 
necessary to aid easy reading. Both methods and the need for the change are 
seen hi Fig. £3, while Fig. 8s shows one method of dealing with sectors which 
dp not provide enough space for words. 

This much at least may be said in favour of the pie graph. It is popular, it 
b inherently interesting, and it gives a sound impression, sometimes oven a 
vivid one, of component parts. The eye is not untrained in the estimation of 
angles. But the exact comparative quality of the bar graph is lacking, and 
hence for biunness purjHiras the pie graph is out of favour. The chief trouble 
arises when un attempt is made to graph statistic* by drawing a series of pie 
graphs promotional in area to the numbers represented. Comparison of circle 
areas is itself difficult* but comparison of sectors of different circles is impossible. 
Such misuse of the pic-graph method justifiably causes condemnation. The 
casie b not fairly represented in Fig. 93 because the circles are the same size, 
but reference to Fig. 98 should make the matter clear. 

Thus the pio graph is not to he ruled out as a means of showing components, 
but it should not be employed to compare rate of com [Clients in circles of 
different sizes, nor should circles lie made the same size if they represent dif¬ 
ferent toral amounts* The solution ia to employ a different method, as by 
using bars, or to include nil components in a dingle circle, markin g major 
divisions ffnjfc, and subsequently subdivisions of each. 

An unusually large collection of pie graphs in colour is to be found in the 
Chambers of Commerce Atlas , and those, with bar charts, supplement and sum¬ 
marize the informatiou shown by dot maps* There is much to be said for such 
a combination of methods in statistical representation- 


CHAPTER TWENTY-SIX 
DIAGRAMS AND DIAGRAM JtAPS 

DtAGBAMS are usually regarded as different from graphs, though the line of 
demarcation is at times ill defined* Both are used to convey statistical informa¬ 
tion in a form that renders conscious calculation unnecessary. In some circum¬ 
stances it is desirable to relate the diagrams or graphs to particular places or 
araas, and a positional problem arises which may best be satisfied by spacing 
the drawings on suitable base maps. The resultant diagram maps, ns they 
may he collectively called* axe distribution maps just as surely os the riot. 
density, nud hdhic maps already described. There are, however, distinctive 
subtypes which merit special notice and are given specific names* 

I- Tivo-orMEsaro>rAL TUagramb 

Two-dimcnaional diagrams differ from bars of a bar graph in that areas arc 
proportional to the numbers represented. The chief figures used are circlet 
squares, and rectangles. 

(a) Circles. To draw circles proportional in area to give numbers, it is 
necessary to find the radii of the circles. These are obtainable by equating the 
numbers in turn to rrrt and finding the value of r m For example, if a circle is 
required to show 10 unite of value, then 
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It will be realized that ^ enters as a divisor every time, and consequently in 
finding appropriate radii lengths, iheir relative lengths are unaltered if the 
division by if is omitted each time, and r s is equated to the number without 
reference to tt. Thus the radii of circles vary directly in length as the square 
roots of the numbers the circles represent, When the? relative lengtlia of the 
radii have been calculated in terms of linear unit#, a suitable value may be 
ascribed to the tmitd, such its millimetres, eon timet res, or inches. 

The chief objection to the use of circles is the difficulty of estimating relative 
areas. Most people tend to undervalue the larger circles, and some even tend to 
value circles according to diameters, though by doubling a diameter* circle area 
is increased fourfold. 

The simplest arrangement of circles is in line, in order of majjuiLude. A 
concentric arrangement has some attraction, but this gives rise to doubt aa to 
at I tether the whole of each circle is to be interpreted as the value represented, 
or whether values are shown by the zones between circle circumferences. TJio 
former is probably tlac more spontaneous interpretation, though the correct 
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one depends on the method by which radii lengths have been determined, A 
third arrangement, which is calculated to remove the doubt arising from the 
second, and yet make corn]larbson easier than in the first, m to draw the circles 
within each other, hut tou clung a common tangent , like plates of different sizes 
reared in front of each other on a shelf, The first arrangement alone is possible 
if circles are to he filled in solid. 

(4) Squares. Practically the same applies to tho uso of squares as to circles, 
but squares probably give a more accurate impression of relative values. The 
length of sides is determined by the square roots of the numbers to be shown. 
Arrangement may take the form of squares in a rOw T Or nil may be drawn with 
a common comer. This aids comparison, especially if shown on mathematical 
graph |*apcr. An arrangement by which all squares have common diagonals, 
corresponding to t he concentric arrangement of circles, has little to recommend 
it, nor has that in w hich all aquarea have a common vertical centre Ihieandsfjmd 
on a common base. 

(c) Rtclanykn. Instead of treating numbers separately they may bo added 
together and a single rectangle drawn to represent the total. The rectangle may 
then be subdivided into component parts. An example m *eeu In Fig. W4. The 
whole rectangle represents Australia, and an area scab is shown along the base. 
The rectangle is cut into strips to represent the states by area. Each state strip 
Is then subdivided to indicate the condition of land tenure within it* A per¬ 
centage scale of subdivisions is shown up the side. Thus the original rectangle 
is divided into twenty-eight lessor rectangles without confusion. 

Many statistics require far less subdivision of the representative rectangle 
than the above. Thus the chief products of a region might be ham, jam. sugar,, 
and bacon, requiring only four subdivisions. Nor is in essential to draw a 
simple rectangle* The chief crops of India in IS)35-41. by acreage, were rica. 
wheat, cotton t grout id-nuU, aesamum, rape and mustard, and sugar-cane, 
totalling 103 milium acres. By using squared pajjer an initial rectangle may be 
drawn with dimensions 10 by 10 F and the outstanding U unit® added jls a small 
projection. This figure b then conveniently subdivided so that each part 
contains the appropriate number of unit, areas, but not ii&cessarily In aimple 
rectangle shape. Thus rice, occupying S2 million acres, might be shown by half 
the large rectangle, namely, ID by S units, with 2 more added. Objections may 
be raised to such a method, as Indeed to any method ( but there is something 
to be said for making graphical representation attractive, and departing at 
least occasionally from prosaic forms. 

More complicated rectangular diagrams are possible in which a rectangle 
representing a region b subdivided to show statistical units* and each occupies 
not only the correct relative area but also the same relative position in the 
rectangle as on the map. On tin a basis the rectangle may be redrawn and again 
(subdivided into unite: proportional in area to popul&tion p wealth, or productive 
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capacity of the component stAtMk-jil unite. The rwme rectangular statistical 
cartogrum lias been suggested for this form of diagram, but it might, be noted 
that the word cartegram is at present used without ejeset delinition. It is 



JTia_ DJ. Rrctitngiilar to thaw land temrm in the several nftotos of Australia at 

the end of tin? year 19.1", 


commonly employed to denote a simple diagrammatic map like some of those 
described in section 3 of this chapter. 

Despite the frequent objection that areas are so difficult to compare with each 
other that two-dimensional diagrams should not be used, but should give place 
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to such as bar graphs, it scorn* legitimate at least in representing areas to use 
twoniimMisioiiaJ figures. Thus the crop areas of a county quite properly 
represented by rectangles. Further, areal representation is accepted as the 
basis of mapping distributions of the territorial type as on political or geological 
maps, though the problem of comparison is more complicated because the 
different arcus ate of irregular shape. 

All two-dimensional diagrams, no leas than the graphs previously described* 
should have descriptive titles and relevant statistics plainly inscribed. It 
would be worth, while redrawing Fig. U4 with all writing the same way up and 
with statistics on the subdivisions to render side and base scales unnecessary. 


2. TUKEE-DIMENSIONAL DtAORiMS 

One advantage of three-dimensional or volumetric symbols k the wide range 
of numbers which can lie represented with little variation in the amount of 
space required. Thus 1 unit might l>e shown by a cube with edges 1 cm, long, 
and 1*000 units by a second cube with edges only 10 cm. bug. If a sphere one- 
tenth of an inch in diameter is drawn to show an agglomeration of l,tMK) 
persona* a sphere only 2 inches in diameter is required to show on agglomeration 
of 8 p iXK?,O00 people, the greatest agglomeration in the world. Such a range of 
numbers could not be shown by one- or even two-dimensional figures. Spheres 
and cubes ore the chief volumetric figures used in graphical work. 

(a) Spfitrztt. The volume of a sphere is Jrrr 3 , and hence values of r can be found 
by equal big this in turn to the numbers it is desired to represent. But as with 
circles, one j*art of the formula, tins time |ir p is a constant factor, so that it is 
only necessary to find the cube roots of number* to get rmlii of appropriate 
relative lengths far the spheres. Cube roots may be found by trial with sufficient 
accuracy for graphical purposes, or if trial proves obstinate, resort may be hod 
to logarithm*. 

One of the chief trouble* about the sphere w the difficulty of drawing it. 
Thu outline is aiujple us it is made with compasses. Sueeeikfful examples are 
seen netted and shaded to kwk like gulf balls, rather than smooth orange-like 
fonata + if spheres are few, hand shading is passible If many uro required 
recourse might be had to photostatic reduction by stages to produce a series 
from one good example. Sheet* con then be printed from which spheres of 
appropriate sizes muy be cut at will. Tables may also In* prepared to show the 
value of each sphere when the smallest is equivalent to 1, 2, 3 units, and §o Oil 
T his method was used in the preparation of Fig. K4. 

Tliree-dimennional figures offer even more diELtulty in value interpretation 
than the bwo-dimenaional. It is difficult fco realiifl that a sphere of l-mah 
diameter has the name voIimc os eight spheres each 1-inch in diam eter. 
Consequently resort should only be had to tlurw-dimcnsloiud figurea when 
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there \s no reasonable alternative. Statistical values should as a rule be stated. 
They may be placed beside spheres or written upon the faces of cubes. 

(b) Cubs** Cubes may be used instead of spheres p and they are easier to draw. 
Cube roots of the numbers to be represented must bo found, and these show 
the relative lengths of cube edges, .Difficulty arise** with perspective, but any 
suitable convention may be employed. One arrangement shows a square front 
face on which cube value is inscribed, and side edges half the full length, 
sloping back ul 45*, An attempt to draw cubes within cubes is to be deprecated 
as the complication gives no compensatory advantage. When t ube* arc placed 
in a row, the front bottom edges should be in lino. Squared pajmv is an aid to 
lirawing, but detracts Stom the finished appearance In such circumstances 
recourse may always he had to tracing-paper pinned over squared paper. 

Another conventional perspective view Lj the isometric, wit Si one vertical 
edge as centre-line, and side edges sloping back at 30* from the horizontal. 
Ruled borne trie paper is available, rendering execution quick and easy, 

3, Duo a am Maps and Caelto< m.tMS 

Diagram mops are drawn by applying graphs and diagrams to a space back¬ 
ground, most commonly a base map on which b shown relevant statistical units 
or stations. Salient points may be considered by taking hi turn the graphs and 
diagrams already described, and seeing how far they are applicable to a space 
background. 

One disadvantage that is common to many auch maps may bo dealt with 
brat. It is the difficulty of evaluating quantity in relation to area. The poa~ 
abilities of a solution have been discussed in connexion with dot and density 
mapping, but here the problem takes a new form. How, for example, is one to 
interpret t except in the vaguest terms, the significance of a a mall circle In a 
large statistical unit and a largo circle In an adjoining small statistical unit? 
Yet this problem is constantly presented to the reader by the nature of ihe 
diagram map, and no solution is offered. The problem does not arise in ail 
diagram maps, such as those in which statistics apply to specific points- Thus 
ratnkili of given stations may well be represented by Lois, or trade of porta by 
squares. 

(a) Bar Chart Haps. An example of the application of horizontal bars to a 
map is semi in Fig, 95 R which shorn* the principal ports of Britain which receive 
timber. There b perhaps little nets! for statistical values to appear at the end 
of bare in this example its bars are divided into black and w hite units to futnliLate 
evaluation, though they are generally to be recommended. The outstanding 
position of London haa necessitated recourse to an arrangement of ban giving 
the appearance of a rectangle. 

Bar groups may bo shown to advantage on a map background provided that 
the number of bora in each group is strictly limited* theit range of length m not 
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excessive, and the number of groups is not more than can bo carried in the eye. 
A county map of Britain or state map of the United States would provide too 
many units, but the major divisions of Canada, Australia, or South Africa 
could be used to produce Bar Group ^fapa of leading mineral*. agricultural 
products, {copulation at the previous five censuses, and so on. Horizontal bars 
in pairs provide u suitable means of showing the trade of porta as divided 
between imports and exports. 

The end-on arrangement of bars 
resulting in the Compound Bar does 
not lend itself m general to map work 
because its length causes it to stretch 
beyond the boundaries of normal 
statistical units, nor is there the 
ad vantage of direct comparison in 
length with other compound bars 
na seen in the graph form, simply 
because on the majja the bars have 
no common base Line. 

Bara of uniform length divided to 
show percentages oiler pcssibihtiea, 
but suffer because they give the 
illusion of identical total quantities. 

Examples are seen where each bar is 
made the full north-south length of 
the part icular unit to which it relates* 
and subdivisions are made on a jnei> 
rentage basis to show areas under 
various crops, different kinds of live 
stock, or ureas devoted to a specific 
crop in various years. The object ions 
are obvious, but experimental work 
is desirable, and there ure luimcrous 
untried possibilities. 

(6) Line Graph Ma]u art* not common* presumably because the Information 
which would l>e shown is better exhibited by other means. Attempts are 
often mode with combined temperature curra and rainfall bars to show the 
climate of a country p but often so many graphs sire placed on the map that no 
features of significance attract the eye, hence the nnip Is not cartographically 
successful. 

Better results are obtained by reducing the number of graphs to about hull 
a dozen, one for each distinctive climate type. Boundaries between the tyjies 
clarify the position, and take the place of normal administrative boundaries 
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If the purpose of the map is to exhibit transition of climate, then a aeries of 
graphs, carefully olioson from a set of stations along a particular line of transit 
tion, achieves the purpose. One yf the difficulties of distribution mapping in to 
see the result through the eyes of others, for much that is dear to the map-drawer 
is not dear to the map reader who wean* in a matter of minutes work which 
iimi taken hours to prejmre. 

(c) Clock and Fie Graph Maps are not infrequently seen. The dock version 

h moderately successful in the fonn 
yf wintlrogeg. Examples are seen in 
A Barometer Manual, published by 
the Stationery Ofbcc, London. On 
all these maps the wind roses are laid 
out in rectangles bounded by 11 ties of 
longitude and latitude, and though 
the number shown la very large, the 
confusion noted in connexion with 
climate mapping does not ari^. 

The Pie Graph Map inevitably 
suffers from the worst defects of the 
pie graph, the difficulty of comparing 
circles of different sizes, and of sectors 
within the circles- Fig. hfi provides 
an example. In order to show' the 
total area of woodland respectively 
in England, Scotland, and Wales, the 
circles have been lirawn different sizes 
and subdivided to show principal 
Fjo. M, Pi^! Graph Map or CjirLognim to forest types. The area represented 
shew woodland wva in England* Scotlaial, \ } y oircfe is stated hut not 

Wale*. The ijttwt ™ P show* tb« total ^ Jieroentagfl rart J. c . ull of sect0 re. 
&it4\ in woodland ilniwn to the mwe acale as __ u - \ ► , , 

tins ]iir^r map, illG »nmU inset map *0 iowb the total 

woodland area on the game scale os 
the larger map, imd is a corrective to any idea that forest area Li great simply 
because the circles are large. 

It is doubtful whether numerous pie graphs distributed over a map would 
ever be successful cartographical!j, and so few as those in Fig* UG gain little 
except in interest by tho existence of a apace background, 

(d) Maps tmlh Tw&^dimensimal Diwjratna. In the pie graph, relative quan¬ 
tities are judged by the angular dimension of sectors rather than by areas. 
Mas 13? maps, however* make use of squares ur circles proportional in urea to 
the quantities represented. They are diawn within statistical units, and often 
look attractive. Usually only one circle or square appears within each unit. 
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The weakness of the method i& the impo^ihOitv of taking into account relative 
areas of statistical units and of figures at the $mue time, though this Ls usually 
necessary if useful conditions are to be reached. 

When areal statistical units am not involved, as m mapping the number of 
people employed at various caHkriea, iron--works p and factoriea p the method ia 
less open to objection. Distinction h often obtained by using a series of squares 
for one Industry, circles for another, and triangles for a third, but this gives rise 
to the difficulty of comparing areas in different forma. Such difficulties, how¬ 
ever, do not rule out the method if reasonably sound and useful graphic repre¬ 
sentation is obtained thereby. 

(c) Map# iciih Thrtfrdimensioml Diagrams. Of three-dimensional figures, 
the sphere has been employed almost exclusively in map work, and chiefly In 
connexion with population mapping. Tho problem differs from that of most 
other mapping, Eiec&uso of the huge variation in density over small areas as 
from one person per square mile to several thousands, the detailed statistics 
available, and the importance of th e matter. Detailed investigation was made by 
8ten de Geer, and the results published in the Geographical Review of January 
1&22. Ue Geer arrived broadly at the conclusion Hint rural population was best 
shown by the dot method and urban agglomerations by spheres, The idea is 
seen in the population map of Central Shropshire, Fig; M. There if* no means 
visually of evaluating spheres in terms of dots, and the spheres boar no relation 
in shape to the areas whose populations they represent. On the other hand, 
urban agglomerations are shown by symbols similar in kind, u great range of 
numbers may be portrayed without an embarrassing range in the map space 
required, and none would deny the pictorial vividness of the spheres standing 
Out among the lower order dots. 

4, Dynamic or Flow Mats 

Dynamic or Flow Maps arc designed to allow movement, Direction or route 
Is Indicated by a line, and weight p volume, value, or frequency by line width. 
Fig, D7 allows various embeiliakjne&ts, and n useful distinction in the means of 
transport cm ployed. An exact interpretation is aided tliryugh the statistical in¬ 
formation on the map. The method may be employed to show cyclone-track 

frequency, or the trade of a country, rail or ocean route-, being drawn propor¬ 
tional in width to the amount of trade carried along each. Government. trajts|>ort 
departments find the method useful to map the volume of traffic on roads. 

An alternative method is to employ a series eif lines Uniform in thickness, and 
all of equal value. Tiiia method has advantages ia imerprotalian. but difficulty 
may bq experienced in balancing line value against the numlxsr of lines which 
can be accommodated on the map. 

Ocean currents are sometimes ruapjwd by means of mow? which show 
direction only. But given the necessary information, it Is possible to make the 


m DIAGRAMS AST) DIAGRAM MAPS 

width of arrow* show speed and the length show stability- Wind forc?e or speed 
is more often distinguished by adding barbs to the arrow shaft. 


3. Variation Maps 

The FaW&ltott Map may lx- contrasted with the flow map, because while the 
latter showy change of location without change of quantity, the former seeks to 



Fiu- S7* Flow Map thawing movsmwut of Cimndiim wheat crop 103S—10. Lints oro 
pro^KirtioiuaJ in width to the crop earrUsiL 


show change of quantity w ithout change of location, This k one of the most 
ttoublesome problems in statistical cartography, aml the following observations 
only serve to show line. 1 ? along which solutions have been or may be sough t p 
apart from detmily and Lsoline methods which have been discussed else whom. 

One method to show variation! as of population at two different periods Is to 
represent both by diagrams within statistical units, differentiating by colour or 
shading, Thus open barn, circles h or squares may shew the earlier population* 
and nnfdlctl burs, circles, or squares the later population. The advantage of 
bars over two-dimenaioiml figures for oompamti ve purposes is evident. 
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A very common method of dealing with the matter is to ndd together the 
pairs of numbers for the two periods and to represent them by circles propor¬ 
tion^ in area to the totals. Each circle is then tut into two sectors which 
are differenriated by shading to show the original and subsequent numbers. 
This is really a simple version of the pie graph map. Pictorial) y it is often 
impressive, hut how far it succeeds in showing tho facta graplricaiij h a matter 
of opinion. 

Both methods show Lhe facts of distribution at two periods, but leave estima¬ 
tion of variation to the map reader a judgement. It is obviously possible to niap 
variation only, by subtracting ono set of statistics from the other set. The* result 
h likely to yield a set of positive and negative quantities, positive for gains, 
negatives for losses. These can then be mapped in any suitable diagrammatic 
form, distinguishing gains and bases by shading, or the addition of plus and 
minus signs, or by using the divergent, bar method with a zero lino across the 
centre o f each statistical unit. I nstead of mapping absolute c hanges, it is equal I v 
possible to show percentage variation over the period and this often gives a more 
useful picture. 

In compiling weather maps, barometric change, known os barometric ten¬ 
dency, iw indicated simply by writing the number of millibars change during the 
previous three hours in black ink when positive, red ink when negative. In 
meteorological services that make much use of this pressure variation, stations 
showing the same tendency are joined by ha [lobar*, thus employing the boline 
method. 

The weakness of mapping variation only, lies in what is omitted, namely, any 
idea of distribution at either of the periods, Ecgioria showing no change simply 
appear blank. In suitable cases p a a when regions are few and statistics rover a 
furies of years, absolute quantities and variation may be shown by simple line 
graphs distributed about the map. 

ft, Symbol ^Iafs 

Some indication might be given of the possibilities of using symbol* other 
rhaii types already discussed, Admiral Beaufort in J80G devised a system of 
abbreviations for weather condition* t which consisted mainly of u*iiig initial 
letters of the words describing the conditions, e.g. h for bine sky r a for overcast, 
and r for raitL Phenomena described by words beginning with the same letter 
wore distinguished by a second letter from one of the words, Urns A for hail 
but £ for IiAze. This system* though suitable for register records, ha* two great 
drawbacks* It is neither graphic nor international. 

The Dally Weather Maps published by the Air Ministry in London achieve 
graphic representation of sky conditions by drawing circles at stations and 
shading t he&e according to the degree of cloudiness. Thus a clear sky b shown by 
an open circle and an overcast sky by a circle with four vertical lines across it. 
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An even simpler form is adopted in USA. and Canada in which the elrdn is 

either open, half-tilled, or completely filled, as shown below. 

The International Meteorological Organization at Warsaw in 1935 approved 
a series of symbols for weather conditions, which are to a degree graphic, and 
bonce achieve boLh conditions which Beaufort's early scheme lacked. A selec¬ 
ts on of these with Beaufort letters Is given below. When combined with arrows 
which fly with the wind, barbed according to strength, and with isobars to 
show pressure distribution, they give at Least to the observer who has on 
elementary knowledge of meteorology and cartographical method a graphic 
picture of weather distribution. The state of the sky, however, is still indicated 
in this scheme by letters, though some countries nmk© arbitrary arrangements 
and employ their own graphio symbols. 


Selection of Bmuforl LtUcry end International Symbols 
Letter Symbol Wtatimr eanditum 

b blue shy 

v cloudy 


h 

1 

U 

f 


# 

* 

A 

< 


overcast 

min 

drizzle 

auow 

hail 

lightning 

thunilcl^tonn 

haw 


mi.st 
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p 

Sky Conditions 

Symbols used on British, United States, and Canadian Weather Maps: 
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British 

Q door 

O lt-ss cTuLij 3-timtiiJi 
ebmic-d 

0 4-6 •toitlw clouded 
0 ?-» 


t 7 £*A, 

Q cltM 

o partly ckmdy 

dourly 


Cwniidum 

0 -2-teiithfl overcoat 
S-7 «» » 

A S 10 „ 


pTU OVOflSSWfc 

typical IFind Symbols 

Arrows fly with the wind 

pi.j3.fr* 

1-3 light* 

10-24 fresh hrasso 

47-4H Bixmig gab 

Symbols may 1>6 cboson at will, but should always be simple to draw, easy 
to read, and graphic wherever this is possible. If capable of international 
application ao much tUe better* 

The following aclueme for representing climate according to typo may lie 
considered as fu I tilling the first three conditions, but initial lottara token as 
they are from current Bullish words, as in the Beaufort Scheme, would be u 
deterrent to intemnliounL usage. Temperature and precipitation are taken for 
typical winter ami summer months., stick oe January and July. 

vi Scheme of Symbol* far Representing Cthnafe Tjfpes 


Temperature 

BcKriitfion 

Sifrubol 

Over 7 CT F. 

Hot 

® 

fll>- 70 * F. 

Warm 


30 - 60 ° F. 

MiM 

© 

Rplnw 30 ° F. 

Cold 

© 


Nmnber 
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PrtA ip i/fl/ion 

Description 


Over 4' 

Wet 

© 

2~4* 

Fairly wet 

@ 

1 - 2 * 

Fairiy dry 

e 

Pk^ow l p 

!Dry 

O 


Summer distinguished by -|- mtcacJu'd t (fc ?fmwrUT month ruin eymboh 
Winter pp r , I „ rf winter Pf pp 

Climate Types and Symbols 


Polar Icecap ©p ©p 


Polar Lowland 


®P ©Q 


KW- European 

Continental 

St, Lawrence 

Mjd"La[ Ltudo 
Mountains 

©P 

®P 

® (i) 

®P 

® p 

©p 

© ^ 

©Q 

Mediterranean 

Temps rm<r 
Continental 

CliiniL 

La h- Latitude Plateaux 

@6 

®P 

®#> 

® © 

® © 

®Q 

<8>p 

©Q 


Tmdp Wind Desert (^) (^) (W) {^) 

MansTKiti and Sudan (H) ^ 

> ®Q 

Equatorial Lowland 

) ®p 
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A division of the world or of any part of the world into primary climate 
region!* may then made and climate mapped symbolically bv a choice from 
the table on p. 21 ft. Each regional symbol b? read h. full. Thus the Mediterran¬ 
ean symbol reads: Hot dry Hummer, warm fairly wet winter. 

The^e examples from meteorology and climate arc sufficient to show some¬ 
thing of the possibility of employing symlxsfs to depict conditions of a complex 
nature at any point or in any region. So Jong as general principles are observed, 
the method is eapahlc of useful adaptation. 

Finally, and this applies to all forms of cartography, it should be remembered 
that maps are tools and a re worthy of careful fashioning. There in no virtue 
in drawing maps badly. 1 In? standard of topographical mapping is already 
high, but in statistical mapping the problem is still to find maps to act as guides 
tor the future. The one field has been fairly fully explored, the other awaits 
development. 


QUESTIONS AND EXERCISES 

PAM' L TOPOGRAPHICAL MAPS 

CnArxEim H AJiii HU MAPS AND ELANS 

L Discuss the advantages of a krgo-scde national survey, 

2. Enumerate, with re&&>ns p the aBjiects of a region which eoutd be repented in 
map farm to illustrate a detailed geogntpliical survey of n rural, and (£) an urban* 
urea. What published maps would you expect to he of aysiatance p and how would you 
use them f 

*1. Diacura the advantages anti dUEctiltfra of producing an International Million 
Map of the World in its present form. What other international maps cm the same 
acftle do you consider desirable, and why t 

4 . DeaMbe wlial maps would bo of greatest assistance in arranging the following* 

(ci) a week's walking tour ; 

{ft) a cycling tour: 

(c) a motoring holiday : 

(d) a school or scout camp. 

5, Describe the main differences between Plans* Topographical Maps, ntid Atlas 
Maps. 

fi, Dtecruss the limitation of scale in showing natural and cultural features on Piano, 
Topographical Haps* and Atlas Maps, 

Chapter IV. CHAIN SURVEY 

7. Describe the equipment used in Chain Survey 1 . 

g. Describe the us* of the field noted took, 

£h Illustrate and describe how you would survey tlie field to the south of Range 
View House m Fig. 2ijL 

10. From the fidd-book entries given in Fig. 1*1* set out Line 4 ami the nearby 
femse oti 4 scale of 1 inch to the chain. 

Ckapteb V THE PRISMATIC COMPASS 

11. Describe the prisma tie compasa and the precautions nectary in its Urfo. 

12. What check* are possible on a simple closed traverse, and how la a small error 
of closure dealt with ? 

13. Explain tiic process of Hying position by compass resection. How would you 
determine the position of the sheep-fold hi Fig. 20, if Diekhampian Church and 
Finney Farm were marked on tho plan and were visible from the sheep-fold 1 

14 . Set out in field note-book form a traverse on Fig. 20 from A to F via D p with 
appropriate offsets. 

15. Redraw on tracing-paper the route from j 4 to P from the field-book entries of 
Exewl»u 14, using the some ^aje as in tho original figure. Check accuracy by placing 
the tracing over the printed figure, 

16. Explain the difference in purpose between I ho chain and the prismatic compass 
used oa survey im)trmnenld T 
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Ghat™ VI. PLANE-TABLE SURVEY 

17, Describe the instmnnanta conainmily used in conjunct ion with the plane-tahlr. 

Describe various ways in which tho pin no-table may be onented, referring 
briefly to the triangle of error. 

l^ + Explain whm ia meant by tbe triangle of error and how to deal with it bi setting 
the plane-table. 

20. Illustrate the meaning of interacctiijn and resection m plane-table surrey 7 and 
show when each m employed. 

2L Describe brieliy how you would make a pinnc*table traverse along the routs 
from A to D on Fig. 20. 

22. Why baa the plane-table become a popular survey instrument in hitherto 
unmapped countries 7 

Chafteb TO AIR-PHOTO SURVEY 

23. Give it brief resume of how photography is applied to surveying. 

24. Describe the ditfi cult ire associated with aerial survey, 

25. Describe the benefits to be derived from aerial survey in {a) highly developed 
countries, and (b) undeveloped countrio*. 

2fi- Discuss the relationship between ground aunrey and aerial survey. 

27. Explain how detail may he added to a rn.tp fro eh a single vertical photograph 
of unlike scale. 

Chapter VUL THEODOLITE TRlANGDLAXlON 

2ft. Describe the basic construction of the theodolite. 

2ft. How is a base-line measured in ecouratc theodolite trial] gulntian, and what is 
a b*iae of verification? 

30- Define Latitude, Longitude, and Azimuth, mid explain how each may bo 
determined. 

31 What are the essentia] different between theodolite tri&ngiilallaii and plane- 
table survey ? 

32. Describe how the theodolite may be used in making a traverse, 

33. Explain the terms Apparent, Mean, and Sidereal Time. 

34. Explain what is meant by the Equation of Time, 

Ceaftek IX. DETEEMT3STATI0X OF ALTITUDE 

33. Describe the various Instrument e witb which altitude may be determined, and 
briefly explain the principle on which each works. 

30, Explain how the altitude of an iiuicTesaihle mountain summit may bo deter¬ 
mined with reasonable accuracy* 

37. How ate variations of atmospheric pressure dealt with, apart from those due 
to diRbrniccs of elevation, in determining altitude with lhe aneroid barometer 7 

38. How is levelling performed, And why are two staves used F 

39. Illustrate anil describe how you would set about contouring one nma shown tn 
Plate VI1, supposing tliftt you find the map void of contours but with bench marks 
and spot heights, and that Ihc area was clear of trees. 


£20 


QUESTIONS AND EXERCISES 

CltiPTEa X. REPRESENTATION OF RELIEF 

40. Describe the methods employed to $ho\r relief on maps, 

41. Ik •scribe how contours are drawn on (ij plan*, and (iij small-seal** maps. Con* 
trust the drawing of contour a with tht* drawing of form tines. 

42. Discuss the relation between map-scatc and the method oinployed to $how 
relief. Quote as many oftlcmt nnipa as possible in sup|>nrt of your statements. 

4.1. Whnt factors havo caused methods of showing relief to change in the past 
century or an T 

44, What useful purposes am served by showing relief on map*? 


CnAwms Xr-XV. MAP PROJECTIONS 


45- Complete the following table from any afclaa: 


(o) Name oj 
arm TnQpptid 

(6) Features 
shown 

(b) Pngtctim 

{dj Cki&actttutiic 
features by which 

TVCQgniitd 

(o) Suitability fu? 
tlu d ptirjriM* 







40, Ooiiytruct graticules with intervals of io* for the following regions: 
hi) NW. Euroj^o on the Conical with One-standard Parallel. 

(6) World on the Cylindrical Equal Area. 

(f) North ihniiltfphere from 45 D X. to the Pole on the Polar Equidistant, 
fi) South America on Sanson-Flajnatcecl. 

[r. J Asia on Ruiuie, 

(/ > Europe on the Conical with Two-standard Parallels. 

Number the parallels and meridians, and describe the method employed in con¬ 
struction. 

47. Draw the meridian* at 20°-intervals fora world map on MoUwclde's Froj ration. 
Insert pnmJIelE from the following table which gives approximate distances from the 
equator, of the parallels For each 20° in terms of t ho radius r of the initial circle about 
the central meridian. 


Parallel 

Distance from 
equator in terms of 
rirde radio* t 

Ditto in frnpif of 
plobe mdim R 
trh ich i-f -mifllkr 
than f 

10 fl 

<M4r 

0£0ff 

SO" 

041 

0-57 

SO* 

0-65 

0-02 

70* 

080 

1-22 

oor 

1 + 0Q 

1-41 


ATofe. f^nee the ellipse muni equal the equivalent glebe in ti™_ \U axes in lentil of the 
nuliiiB 12 of the globe ore VSK anil 2v/T Tt^pcctivoly, ami riistflnc^ of parallcld Train the 
♦Mjnntcjr tm Uu3 jMrujtyiiun hi taxntf of H vppraxinuttu n lately to tho**u given in thv third 
cuEumn above. 
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QUESTIONS AKD EXERCISES 

4S. From the folia wing table coiustmct tt Meritor net to 85° N + , choosing a oon- 
xemeEit scale for f?, the radius of the globe. The equator will 1* equal to the cireura- 
ferenoo of the globe h namely, 2^/i. The diet a nee of parudeb from the equator is 
expressed in terms of li. 


FaruHd 

Distance from 
tquatCf iff terrjw of 

tih'iiu -f R 

IQ* 

frlSK 

3U 1 

n-53 

&P 

1 -01 

70* 

1*74 


3 13 


4!), On a globe draw great circle routes between the following traces: 

{q) London and Melbourne. 

(ft) New York and Melbourne ™ Cape Town, 

(ej WflsIniigiotL and Tokyo. 

By noting the intersection of these great circle routes with lines of latitude and tonp- 
uide on the globe, plot them on a Mercator map traced, from an uthw. What do yon 
observe about tho form the routes take ? 

50. Name three projections belonging to each of the following projection type®, 
ami say how you would differentiate between the three members In each group:" 

Conicals. 

(ft) Polar Arimtithals, 

(c> Normal Cylindrical*, 

51, Dfrdcribo three important equal-area map projections and discuss their uses 
and relative merits. 

6* What characterizes an orthoniorphio projection V Which projections arts termed 
orthomorphie, and for what purpose k each mutable? 

ft3. Describe the modified Polysome Projection, and explain its suitability for the 
International Million Map. 

5L State what projection you would choose to show the following, mid briefly 
justify your choice: 

(ii) World production of cotton, 

(ft) Distribution of forests in the Amcrioas. 

( f ) Regions whim Eii^li^h is the otheial language. 

(d) Oerad production in Ahim. 

fe) European nir routes. 

(/} PoJar exploration. 

{ 9 ) Britain's health resorts, 

(ft) Distribution of rainfall in Australia. 

(i) Direction of Mecca from places, within a radius of 2,000 miles. 

63. What problems ary encountered id showing the whole world oil one map ? By 
whut methods do the Sbuisoidni and Moliweide's projectipni overcome the difficultly ? 

Sd. What f&otoro would you take into omskkniuao in ohoaring a projection for a 
topograpliical map ? 
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57. Den tribe the National Grid used by tho Ordnance Survey, 

58. Explain the statement that Lite ground area enclosed l>y the square of im over- 
printed grid in not necessarily square. 

68. Explain the terms (a) true north; (6> magnetic north; (e) grid north. In what 
circumstances would they all coincide? 


CHAt-rtts XVI. MAP SCALES 

fifl. Describe and discuss the merits of an Open divided scale and a fully divided 
seal*?, 

01. Draw metric and British open divided scale lines with suite Lie primaries and 
secondaries for maps on the following scales: 

(a) 1 inch to the mile. 

(tj l -inch to the inilo. 

(e) 1 : 50,000. 

(<f) 1 :100,000. 

{e) 1 : 62,500, 

.Vc(c. in all ‘jiiLsliona of scales Involving conversions it is best to resort, to the 
appropriate representative fraction. Thus in drawing a scale lino in kilometres for 
(al proceed thus: 

l inch shown SlH,3ti0 inches. 

1 centimetre shown 65,1160 centimetres. 

1 centimetre is shown by centimetre. 

1 kilometre is shown by 1 centimetre* = 1-58 centimetres. 

63y3IKf 

A ling represfinUni: 10 kiluftielns cun b& drawn ud divided geometrically into 10 
parts, ami om of these into 10 further gubdivkioria^ 

OS, Draw n time scafc line for ati air uuip. l ■ 1 marked on one 

side to ihoiF 10-mInute inter at 2JiO m.p.h, a on the other* utiita of 120 miles 
eaeh* 

G3. Drow a diagonal scab far use With a 1-Indi to the mile mnp, to read In miles, 
fttrlongfl, ami dialoL 

64. U tho frontiers on jmtpft am shown by Un^ thick h what nidth (Joe$ this 

represent on mupa on the folio wing stales: 

(a) 1 ; 50 , 000 - 

(t) 1 s 50.000, 

<*) i-inch to the mile. 

(d) I ; 1 mi] lion ! 

65, What fraction in urea of the landscape it represent* ia the paper of a map on a 
teale of (a) ! : 51,680; (6) l ; 50,000; IcJ I si million! 

5(1, Name countries on whose ttuc-to-scale maps length of mini) t< "is of latitude is 
approximately (a) the aaaue. (A) double, the length of minutes of longitude. 
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CRiPtEii xyit. SECTION drawing and contour patterns 

07 r Rcdraw a square foot of a topographical map 011 one-half the scale of the 
odguiil. 

158- What is the vertical exaggeration of *octfcru3 drawn across maps on the 
fallowing scales, if 1 inch vertical show** 500 feet: 

(a) l : 52JOO. 

(&) I inch to tho mill?. 

(c) ft inches to the mile ? 

60. If tme-to-scnle sections were drawn across maps on the fallowing acajou, how 
many feet verti^l would he shown by l inch: 

W 1 f 100,000. 

(h) 4-inch to the mile. 

{*) 1 : 31,6801 

70. Draw sections about !0 inched long across various topographical maps, stating 
on e&ch tiny vertical exaggeration, 

7L Rejicat suitable section* from the previous exerttao (o) true to scale: {&) 
doubling the horizontal scale. 

72. From suitable map^. draw ucctiann about 10 inches in length along a road, 
railway, and a river. 

73. \\ it libi recisnglca 5 inches by 4 inches, draw contours! sketch maps to represent 
the following: 

(nj Cirques and a glaciated valley in an upland area, 

(A) River erosion in a dry plateau region. 

(r) A meandering river in a low region of boulder clay* 

(d) A river valley with one ride concave and the other convex, 

(*} River capture* 

CiiaPTKfis XVIII Am* XIX MODELS AND BLOCK DIAGRAMS 

74- Discuss the relative merits of different methods of mu king relief models. 

75. Make models from topographical maps of various Ittud forms using the different 
methods described. Insert horizontal and vertical scales, and state the vertical 
exaggeration, if any. 

76 P Describe the various problems which arise in modelling huuEeapes from maps, 
under the headings; 

(u) Difficulties arising from the maps. 

(ft) Difficulties arising from the media employed- 

77. Discn&s the merits and shortcomings of relief models as representations of land¬ 
scape 

78- Compare the merit* of map* and models aa itic&uj of allowing topographical 
features, 

79 h Draw block diagrams from topographical maps showing physiiigraphleal 
features. 

W>. Trace an outline map of North America h and show relief pictorial iy. 

81. *\Likc a mode.) of an area having strong relief, as described in Chapter XV1U, 
section d, under the heading Modd IUu*um, 
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QUESTIONS AND EXERCISES 

Chapter XX. INTERPRETATION OF MXDSGAPE FROM MAPS 
S2. Take a 6-inch square from any suitable topographical map and list, dined 
evidence of occupations. Make a second list of probabEe occupation* within the same 
area, sotting out supporting evidence. 

S3* Discuss the relationship between physical features ami vurntmitiivatioriH, im 
shown on specific topographical maps. 

PART 11, STATISTICS HAPS 

Chapter XXIT. DOT MAPS 
M r (a) Draw a dot map to show the following: 

P&jmfali(m of jJyifrtilus* 19&8* (Estimated population, excluding aboriginals,) 1 


Nnw SoutU Wales . * , 2,721 .IflU 

Victoria , L807*KJ8 

QuL^nnWkd * 1,000*749 

S. Australia , « * ♦ 592,579 

W, Australia , 459,977 

Tasmania * . » * 235,1178 

Northern T<?rritory „ . 5,726 

Federal Capital Territory , I 1,124 

Total * * ♦ . 0,MH t a47 


Record Urn difficulties experienced ftiid how overcome. 

(c) Whhl advantages and weaknesses of the dot method arc apparent iu this 
example 7 

\a) On a second dot map< make allowance for metropolitan papulalions which 
are included above, showing these by circles, squares, or spheres of appropriate 

Metropolitan Populations, 193$ 

Sydney *■*■>»» l,28S>-r20 

Melbourne * 1,035*600 

Jlriflbaue x 325.890 

Adelaide * i * » 321,4 iU 

Perth * * , * # 220.330 

Hobart.63.250 

[h) Di^eujMS the effect of this modification on Lke accuracy of representation. 

3fk Draw a dot map to allow the Barky Acreage of Northem England, having 
regard to the fact that tin- chief barky areas have a rainfall of lea* thou 30 inches 
annually, and do not exceed 200 feet in altitude. 

Rarietf Acreage in N&iikem England, 1931 


Non humberhu id 


m 

P> 

12*580 

D urban n . 

„ 


* 

■* 

7,142 

Cmnborloiid 

* 

m 

m 

m 

445 

W^tniorlaiid 



A 

m 

124 

East Riding 

* 

4 

w 

m 

«4« 

Nunb Riding 

* 

#■ 


m 

44,038 

West Riding 

* 

# 

i 

m 

14.910 

LnmmhiT? 

, 

* 

* 

k. 

404 


{Agricultural Statieiies: Froductten, 

1 Aboriginal population, 51,379* mainly m W. Aoutmlk uml Queensland [AuvtraUu 
Yea r Itexik k v- 32+ 













QUE3TI0K8 AND JiXERCISES 

87* Attempt to show on a single dpt map the European and Native [Bantu} popula¬ 
tion of South Africa for IM9, Statist jca ara in Bxertaaa 03* Criticize the ri-^ult. 

88. Trace a map of the Uensu* Division* of Western Canada u *thown in Fig, 08 # 
and from the following statistic* mak-o a dot map to show di^trihution of population 
In Western Canada. How far doe* the mu p help to explain the geograpIiKal nature of 
Western Canada t In w hat way hi (he dot map likely to Lie at variance with the facts 
of population distribution T 


Western. Canada: Area and Density oj Population by Cen&u* Dirwioru, J93I 


Prwrinf* and county 

Lctn& area 
*q, mde4 

P&pukuiun 

T-crfai no* 

P*f 7nite 

Manitoba 

210,723 

700*13& 

3 10 

Dlvmkm Xu, 1 

4,281 

22M7 

5-33 

2 

2,220 

ss^io 

10-73 

3 

2,577 

20,7X3 

10*38 

4 

2,ltK3 


7-40 

5 

5,206 

40,228 

830 

a 

3.434 

203*828 

110 31 

7 

2,o78 

30,012 

14 32 

8 

£,140 

10, *40 

O’iO 

9 

1,217 

4M14 

37-32 

1U 

2,377 

17,010 

7-54 

11 

2,314 

£8, ion 

0-04 

12 

3,240 

24,314 

7-51 

13 

3,324 

24.203 

7-30 

14 

3,030 

S0pD7s 

7*14 


13U4 

JU.008 

4-34 

10 

170,037 

30,009 

0-17 

SaEkatchownn 

237,070 

021,785 

3-87 

Division No. 1 

0,044 

41,541 

0 09 

2 

0,000 

42,831 

0 4L 

3 

7.640 

411.001 

(M3 

4 

7 t 570 

2iU20 

371 

5 

5,700 

53J04S 

0-37 

0 

(5* * 8 j 

109,00 iS 

10-18 

7 

7*471 

03.23" 

8-40 

8 

(1,204 

40,301 

5 33 

0 

M10 

WM9 

12 08 

10 

4,000 

4ii§&0 

8-02 

11 

0.070 

87,070 

14-71 

12 

0,982 

40.012 

0-79 

13 

0 P 84S 

42,032 

023 

14 

13,410 

415,222 

3-44 

U 

8,08 2 

S3.007 

1O30 

13 

8,912 

48,730 

5-47 

17 

M13 

27,315 

3-05 

is 

114,8X1 

0.33U 

0(10 

Alberta 

24**300 

731,005 

EM 

DiviniuJi No, 1 

7.323 

28,049 

3U4 

2 

0.342 

57J80 

S03 

3 

7,(118 ! 

15,00(1 

Sift 
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Land ana 

Popuhtivm 

Province ond e-ounty 

Total tu>. 

Per ntita 

Alberta— emtd. 




Division No. 4 

ft,] 19 

23,007 

475 

5 

7.681 

2ft,8Gl 

347 

0 

10,695 

140*024 

13 27 

7 

11,804 

38. LOS 

5*70 

8 

0.610 

01,010 

0-37 

9 

14 ± 41S 

\um 

24*503 

1-70 

10 

58,010 

030 

11 

4.753 

126.832 

29-tJfl 

12 

13.068 

13.815 

1-00 

13 

8,103 

24*930 

3 03 

14 

HJ3I 

30*508 

4-53 

10 

5 

13+064 

0-60 

Ifl 

IU» 

27*946 

2-53 

17 

101.313 

5*7S8 

0-00 
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Diriakni No- 1 

16,984 

22,000 

1-41 

2 

13.343 

40,455 

303 

3 

10.729 

40,523 

3-73 

4 

0,704 

379,058 

36-00 

5 

13*200 

120,933 

9 10 


31*420 

80,086 

OSfl 

7 

22*1 87 

12*858 

057 

ft 

71,985 

21+534 

030 

D 

88,128 

13 t 09S 

7*013 

021 

10 

83*633 

OU3 
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205.340 

4*230 

002 

North-west 




Tafcrrtotre 

1.256,317 

0*723 

OOl 


80. (rij WliM map* «imU Ihs of bt-lp in arranging the [ritfitiun «f dn Esin I he fullowing- 
(i) A Population Map by Purines of Tovniahips, scale J sfir li to iht mile, 

(li) A Hairy Qs/W Map uf Britain by Counties, scale 1 : 1 million, 

(iii) A Sheep Map of Australia by States. ncale 1 : 25 uiUliom? 

(iv) A Population lisp of lifow England by States, scale 1 i I million I 

In e&fih caa# give b* awmI for your choice of maps, and indiOato how you would use 
them, 

ft] Whit projection would you choose for the Australia am! New England outlines, 
and why t 

00, Write an essay on the dot method as a means of mapping dtHtributlnmu 
Ciurrua XXHL DENSITY MAPS 

01. Draw two Density Maps to show Woodland* of Sou thorn England, ono with a 
graded Icey and the tithe? with proportional shading, Statistics aru on p. 151. Com- 
pa.ro tbc odvuitign und disadvantage of the two methods- 

92* {fij Forni the following tabic of South Atlantia and East Central L oiled Stateflj 
using dif^n-at methods, draw maps to show: 












CiifisuB DlTiilena of Waitm Canada 

mi 



Fiu. 08 h Ccfiiiua Divlaicdia of Wmtani Canada, luaj* 
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QUESTIONS AND EXERCISES 

(i) Density of Population per tupian- mile. 

(ii) Density of Negro Population per square mile T 
(ui} FertfcnUgo of Negro Population, 

\iv) Bc-o&itv of Unemployed. 

(v) Percentage of Unemployed. 



L 

Aw 

milfM 

*i! ii 

hi &** 

3. 

Nigra 

pi \pulii r 

(ion 

4. 

PopfJu- 
(wi f nr 

sq. wkfa 

6. 

flL 

Fur crPiT. 
untm phytd 

South Atlantic 
Delaware 

2-0 

238 

33 

121 

as 

1-3 

JJuiyJfltld i P 

09 

1,832 

278 

184 

24 4 

P6 

D, of Columbia 

0-00 

487 

132 

T.S&3 

90 

1-3 

Virginia * 

W. Virgin!* 

40 8 

2A22 

6GG 

80 

£08 

H 

24 0 

1.72$ 

lift 

72 

21-4 

1-3 

N- Carolij lu 

48 l 7 

s T m 

319 

«5 

28 0 

OB 

B. Carolina 

30-3 

1.739 

704 

67 

ts-o 

l>7 

Gooigia - 

58 7 

2.309 

1,071 

60 

27-7 

10 

Florida * * 

W-9 

MAS 

431 

27 

33 t 

S-3 

Kiurt South Ctntjvtl 
Kmtiidcy 

40-2 

2.111^ 

228 

CO 

20-S 

M 

Tennessee 

41-7 

2,61 T 

478 

03 

20-4 

0-8 

Alabama 

jh-s 

2,848 

945 

63 

21-4 

Ihft 


46-4 

3.010 1 

1.010 

43 

ms 

0-6 


Figure in thousands except in cohnnng \ and U + 


(h) What nro the obkf difficulties encountered in dm wing these maps, and what 
means huvo yon employed to deal with tho District of Columbia V 

(c) Indicate briefly the ntlutivc? merits of the mape a* compared with the statistical 
table. 

(d) What points of intercut emerge from the maps considered (i) singly, and (ii) in 
conjunction with others! 

03, (b) Ffomthcfollo wing s ta tidies dmw three roapaofS, Africa to show hy Provinces: 

(i) Density of European Population. 

(ii) Density of Xoru European Population. 

(iii) Percentage of European Population. 

[b) Whvl general criticism. could be raiwd against statistical map raerciott based 
on statistics for .States in tho Union of S. Africa? 


Souih Ajrwti- Ky.timtdi'd Pupuhii'\im v 19aD r in ihuuMind# {000\ 
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Oovd Hop* 

Natal 

TrtiMimd 

Qranga Fm 

Smu 

Eiirop^m . 
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199 

898 

m 

Native (Duntu j * 

2,130 

IMl 

£,845 

081 

Asiatic * 

11 

192 

£8 

— 

Coloured * « • i 

724 

30 

54 

13 

Tcitui Non-European 

uu 

1,833 

2,727 

599 

Total all nii't-d , 

a,*m 

2,053 

3.825 

BtXl 































QUESTIONS AND EXERCISES 

(a) Draw a Density of CmV Slap from ihv following etatl&ticfl for the Union 
of South Africa, miking what you consider a reasonable density allocation within 
States based on vcgoteUon or other relevant influences. 

0) Set out fully the baaej and procedure adopted til adjusting distribution within 
the several states. 


Catile in South Africa, 1938 


jSV/rfn 

-f nra {000} 

C<tttU {QQQ\ 

Cnpo . * H 

. 


J77-3 

3,711 

Natnl 

i 


33-3 

2,310 

Tnmsi'nal 

m 


MO-S 

3,339 

Dmogti Free Stale , 

* 

* 

49-IS 

2.018 


115. fc) Trace a map of t he Census Divisions in Western Canada from Fig. 0S p 
and from the appropriate ate Hailes given in Exorcise Bii make a Density Map, using 
the method of ihculihg or colouring which seems most approprhto. 

(b) W rite u short crrilktal account of diflirulttra tnooimiffltd and steps taken to meet 
them. 

m. Write an essay on the relative merits of Dntidtj and Dot Mips, mentioning 
circumstances in which one or the other Appears preferable. 

fu) State and remark upon the colour* used ou the following territorial distribu* 
lion maps: 

(i) AtJjiHi Vegetation Maps. 

(d) Atlas Geological Maps. 

(iii) IJind l iiiization Surrey Maps of Britain. 

(fr) What would Ik? til* advantages and diffieultka of on international colour 
L L onveiUion for hucIi map* ? 


Chaptee XXIV ISOLINE MAPS 

®8. From the following Adjusted fltetiaiic?* draw a map of Great Britain to show 
kobaw at interval of 2 millibars. 


Adjusted Prtsmre in Millibar* 
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. 
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085-3 

Holyhead 


* 084-8 

Birr Cteatlc 

fe 


980 8 

Itedchmler . 


. 982-7 

YnJcntia * 



086-0 

Tynemouth * 


. mi 4 

Calais * 


V 


lucbkeith 


. fl&8-3 

Le Mn\t7 4 

# 

4 


Fobt of Ayna 


- 08ti4 

Bpeat - 98*7 

Ait Ministry, Jaiiiiikrv 


&"J. On a map of North America show the following distribution of pressure, adding 
Appropriate weather ay m bob for a day in April : 












230 QUESTIONS AND EXERCISES 

A targe depression ia approaching the oo&at of British Columbia, while ft shallow 
dt'j^rcssion estpiids northward from the Menem border^ Au anticytlons covers 
NE. North America. 

100- On a map of Europe and the Atlantic show the following: 

An elongated anticyclone centred over Britain stretches westward owr the 
Atlantic while a (mbsidiary higlvpressure area covers Ewteffi Europe Lc>w- 
pnawure areas are centred over Green land, Iootatid, North Africa, and the 
Black £eu« 

I Oh Show both the abort dhrtributioiiH on a singlr map, using a Pbtar Zenithal 
Projection HLo that in Fig. S3* 

Jftg, Adjust the following temperature*, allowing 1 F, for HOO feet of altitude* and 
frtssn the adjusted ligure* draw January and duly isotherm maps of North America, 
using a constant deg™ interval between isotherms ■ aUo draw a Ttangc of Temperar 
lure map. 
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13 

— 7 1 

46-3 
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69*3 

Bortton . 
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Chicago * 
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29-0 

7B-5 

Son Diego 



93 

54 0 
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31 0 
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Washington 



?& 
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103, Csing a base map of aesde about i in, to the jmle t draw: 

(a) A Density Map of parishes or township* over a rum! area about 2& by 10 
miles. 

An iiotine Map of the same Area. 

Shade both maps, using a uniform key with about density grades, Compare 
arcoa allot ted to cadi density grade on both maps. 

Compute the probable population of a number of parishes that are subdivided by 
iAoiincs and compjue it with the population according to original statistics, 

IChl Describe the nature of and reason for adjustment nf certain statistics before 
they are used to draw holine maps, 

105. Draw a 2 ineli grid on a topographical map* scale about 1 inch to the milt-, anil 













QUESTIONS AND EXERCISES 231 

from R draw & Range of Relief Map reducing llrsica.r avals by ore-half. State ary points 
tthk-h emerge on the new map which were not equally apparent on the original map, 

InB. Dbun^ the points in common between Density Maps and Isopleth Stupe, 
Describe distribution* and ratio# wJiiflh con id bp mapped by both methods, and givo 
HMwema for any preference# you have, 

107, What advantage and di^d vantage* arise in mapping a commodity by Dot 
and Taolme method# on a iridic map * 

108, Dlficuaa method* of numbering boiinea, and the relative merits of shading* 
monochrome, and colour on Tsolint Hups, 

MW* Describe three diiferait methods of mapping distribution of population, and 
dkcu?# their relative merits. What method# ure moat eomriu&rdy used in atlases, and 
what method was adopted by the Ordnance- Survey of Britain to produce the 1 : I 
Million Population Map? 

11U. Discus# thfi advantage and <1 bad vantage# of using three, dimensions I figure* 
combined with dot# as a means of allowing dblributicn of population* Refer 
specifically to the esampic- in Fig. S4, 


r^AFrsn XXV. GRAPHS 

1H (a) Regraph the values of the four principal sea fish shown in Fig, SS using 
[ij Tho liar Group method- 
fill The Compound Ear method. 

( 6 ) mmu the apparent advantagw ami disadvantages of cadi of the three forms. 

112- (rt) Graph the following climate Htatistica; 
tU By simple foir and line methods. 

(iij By the polar chart method. 

{b) Which pair of graphs contrasts tlie climate# most effectively, and why? 


(") Sq ji Fro mitno; (6) Charleston 
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113, {a) Draw Fie Graphs to show the raportu of fruit from S, Africa in 1032 and 


(i) Making separate circles the same size for 1032 and 1038 values. 

(ii) Making circles proportional in area to tho total values represented for each 
year, 

(iii) Combining both yearn in a single circle. 

























232 QUESTIONS ANtl EXEM.LSES 

Exports of Fruit from S. Africa* 1932 anA 1933* Value in Tho wind £i 


J 

ins 

ms 

CUatn (Orangeade) .. 

, 

* 


w 

1*353 

Ektfkiuous (Pears,, &e,V 


. 


413 

GH 

Grapes 

. 

p 


231 

&S2 

Others fRnoftpplfia^ AcT 

■ 

■ 


12 

2S 

Total* * . . . 4 

i t noi 

2,7 IT 


(ft) Piscaas the relative merits of tbo three methods as u means uf dear and 
comparative pepresentation, 

114. (a) What facta emerge from a Study of the graph in Fig. OD T 
(ft) Comment upon the appropriateness of the method* 

(c) Graph the given information by rutile other mrtinn, shovring if necessary, produc¬ 
tion for every Gfth year only. 
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OuAPrm XXVI. DIAGRAMS AND DIAGRAM MAKS 

IIS. Represent the following statistics id ft two-dinienaioiiftl diagram. Inscribe 
names of crops and areas. 


Acreage of Chief Crop* in India p /MJ— 
.-4 reas in Million Atrts 


Rice 



, 74 

When* * 



- 34 

Cotton 



* 21 

Groundnut 


• 

* 8 

Rape and MustAnl * 



. 1i 


I1FV. (*?) Ro present the export values of fruit from S. Africa in 1438 by mean a of 
(!) A aeries of squares, 

(il) A aerius of circles. 

(ill) A singIc rootiLMtflo with subdivisions. 

Statistics are given in Excrete* 113. 

(b) W^lii-^h method seem* moat successful, and why? 

1 17. (*i) Draw a map to stow the state* in t tie? Union of South Africa* And in each 
slide draw n circle proportional in area to the number of cattle in 1935. Statistic 
aro in Exerdw 44* 

(fr) IIuiv Far docs this map help to demonstrate tin? facts? 

I IB, Redraw the diagram of Australian Land Tenure, Figaro 04, so that all print¬ 
ing is the same way up. and tnacribo statistics to render the side sonic# unnecessary, 

110, Show the following statistics by means of cabeSj mid comment uj™ the 
method: 

Ch uj Coal-producing Cow nines t 193$ 

In Milium Long Tom 


Gemumy * » 

m 

m 

* 3 j S 

UinA. . 

9 

9 

. 310 

United Kingdom * 

m 

* 

* 227 

France * 

a 

a 

. 47 

Poland * 


‘9 

23 

Japan * 

4 


* 


1 Production in ID3G. 


120, Draw and shade spheres ho re present the population of the six largest cities in 
the United States* 


Population of Cities in CJS.A+ 19JO 
Number* in TbowNtflAs 


New York * 


-■ 


- 7,455 

Chicago 


# 


* 3,3»7 

Philadelphia 

- 
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„ 1,931 

Detroit 

* 



. (,*23 
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* 

* 



Cleveland „ 

i 

■ 


*7$ 











234 QUESTIONS ANB EXERCISES 

121. Draw ais ealaiged sketch map of the Cgihw I>ivisions of British Columbia 
show'll In Fig. and from the statistics in Ricnsiafc S3 make a Bar Cb:irt Map of 
iho population 

ffc) D&ou&s the merit a and defects of the map. and compare the result with those 
obtained by dot and density methods. 

122. (n) Draw a Pie Graph Map to show the leading subdivisions of population in 
tin? state# of H r Africa from the statistics in Esercise 93. 

<&) What objectwixa could 1** mhtd to the method a* seen in application on this 
map? 

I 23. L T aing two different methods, make two diagram niiip to represent the follow¬ 
ing statistics: 

Mineral Production in Australia; Values to end of 193? 

Value §o neared Mid fan Zm 



N*S* FF. 

Ffof. 

Q'fmd 

8* Amt. 

W. Amt. 

Tm. 
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7 'rr. 

Ail mmctfulti 

J303 

323 

170 

m 
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SO 

4 
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m 

308 

n 

2 
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10 
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124. (ct) From the tttatirtfca in Eiercise 02, ilmw a diagram map to Avow tin- 
total population and negro population in South Atlantic and Karat South Central 
United State*. 

(&} I>isr-aFHi the merits of the method adopted, 

V2li. Make a critical cartographical aoalysU of nil y official daily weather map. 
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